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Monday,  Gtk  December  1S69. 

The  Hon.  Lord  Neavee,  Vice-Preaident,  read  the 
foHowiDg  AddresB : — 

I  have  been  deputed  by  your  Freeident  to  address  you  to-DJght 
from  this  chair,  and  bo  to  attempt  a  task  which  would  have  been 
muoh  better  performed  by  odc  who  possesses  all  the  requisite 
BcioDtitic  acquirements  wbiob  I  waut,  and  without  which,  I  fear, 
justice  can  only  be  imperfectly  done  to  the  work  which  I  have 
undertaken. 

It  is  usual  at  this  meeting  to  give  some  notice  of  those  of  our 
Members  who  have  died  during  the  preceding  year,  and  the  list  on 
this  occasion  contains  so  many,  and  some  of  tbem  such  distin- 
guished names,  that  it  will  leave  me  no  space  for  touching  on  other 

I  cannot  mention  the  name  of  Dr  J.imbs  Bkobix  to  an  audience 
like  the  present  without  feeling  that  it  recalls  to  them  pleasing 
remembrances  aud  painful  regrets  connected  with  one  who  was  so 
highly  esteemed  among  us  as  an  eminent  physician  and  an  excel- 
lent man,  and  who,  but  a  little  while  ago,  seemed  likely  for  some 
years  to  continue  bis  course  of  usefulness  and  success. 

To  myself  the  subject  is  specially  calculated  to  communicate 
such  feelings.  Dr  Begbie  was  my  early  school-fellow  and  friend, 
and  in  that  relation,  and  also  in  my  resort  to  him  as  a  medical 
attendant  in  whose  anxiety  and  skill  I  bad  the  utmost  confidenct;, 
there  were  many  years,  more  than  half  a  ceutury,  of  cordiul  inter- 
course between  ua. 

Or  Begbie  was  bom  in  Edinburgh  in  October  1789.  lie  was 
educated  at  the  High  School  and  at  the  University  of  Edinburgh, 
aud  early  betook  himself  to  medical  studies.  According  to  the 
system  then  established,  but  now  I  understand  wholly  or  almost 
wholly  discontinued,  he  became  an  apprentice  with  Dr  Abercromhie, 
and  was  afterwards  his  assistant;  in  which  capacity  he  had  excellent 
opportunities  of  learning  his  profession,  and  of  practically  applying 
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liifi  natural  talents  and  theoretical  studies.  At  tliie  period,  too,  be 
allowed  those  kindly  and  amiable  qualities  for  which  be  was  after- 
wards distinguisbed,  and  wbicb  gained  bim  tbe  affection  both  of 
his  principal  aud  of  tbe  pupils  of  Dr  Abercrombie,  witb  whom  be 
was  brought  in  contact,  and  wbo  in  a  great  measure  were  placed 
under  bis  guidance  and  professional  instruction.  Br  Begbie  in  his 
turn  became,  under  the  system  already  noticed,  tbe  master  of  ap- 
prentices of  bis  own,  who  regarded  bim  witb  the  same  feelings, 
and  among  whom  were  some  of  tbe  most  esteemed  medical  men 
now  among  us. 

DrBegbie,OD  relinquishing  his  connection  with  Dr  Abercrombie, 
became  engaged  in  an  extensive  practice  as  a  family  medical 
attendant,  and  continued  in  that  branch  of  tbe  profession  till  about 
twenty  years  ago,  when  be  confined  himself  entirely  to  (lie  func- 
tions of  a  consulting  pbysician,  in  which  be  was  eminently  suc- 
cessful, hie  assistance  being  extensively  resorted  to  both  by  bis 
bretbren  in  Edinburgh  and  by  practitioners  throughout  the  country, 
who  had  confidence  in  his  skill,  and  in  his  solicitude  to  do  his  duty 
to  tbe  utmost. 

It  is  perhaps  a  remarkable  circumstance  that  Dr  Begbie,  although 
he  had  hospital  experience  during  bis  studies,  never  acted  as  an 
HoBiiitsl  Physician.  It  is  not  a  little  creditable  to  bim  that  be 
should  have  been  able  otherwise  to  supply  the  want  of  those 
opportunities  from  which  he  was  thus  excluded,  and  we  should  by 
DO  means  be  tempted  to  recommend  a  similar  experiment  in  the 
ordinary  case.  Dr  Begbie,  however,  was  specially  enabled  to 
supply  any  deficiency  in  this  part  of  bis  professional  career  by 
the  very  extensive  means  of  observation  which  were  within  bis 
reach  as  the  assistant  i>f  Dr  Abercrombie,  for  whom,  to  a  great 
extent,  be  conducted  those  post-mortem  examinations  and  patho- 
logical inquiries  which  were  so  intimately  connected  with  Dr  Aher- 
crombie's  reputation  and  success,  paiticularly  in  certain  classes  of 
diseases. 

We  are  inclined  to  think  that  in  some  respects  Dr  Begbie  did  not 
do  himself  full  justice.  He  worked  too  bard  and  perhaps  too  ex- 
clusively at  his  own  profession;  he  allowed  himself  scsrcely  any 
time  for  relaxation,  although  be  thoroughly  enjoyed  the  too  short 
intervals  which  be  occasionally  employed  in  this  manner.     He  was 
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foDd  of  natural  ecenery,  and  particularly  atlaclied  to  tbe  EDgHsh 
Iiake  country,  and  it  would  bave  been  better  if  he  bad  indulged 
his  tast«  more  in  that  direction.  We  think,  too,  that  in  another 
res[)ect  he  denied  bimself  some  enjoyments  vhich  might  have 
done  him  good.  *  A  certain  quietQeis,  if  not  Bbyneaa,  of  dispoeition 
seemed  to  indispose  him  to  much  social  intercouree,  and  he 
Beema  not  to  have  betaken  himBclC  with  any  degree  of  interest  to 
extra  professional  pursuits.  We  hold  that  every  hard-workinf; 
man  is  the  better  for  a  considerable  amount  of  social  recreation,  and 
for  that  relaxation  which  arises  from  the  prosecution  of  collateral 
pursuits. 

Though  not  much  known  as  a  scientific  man  beyond  the  limits 
of  bis  profession,  Dr  Begbie  distinguished  himself,  we  believe,  by 
several  excellent  essays,  both  of  a  pathological  and  of  a  thera- 
peutical kind.  We  must,  of  course,  on  this  subject  speak  entirely 
from  hearsay;  but  we  understand  it  is  generally  considered  that 
his  volume  of  " CoDtributions  to  Practical  Medicine"  contains 
much  that  is  valuable  and  original.  His  essays  on  Fatty  Degen- 
eration of  the  Heart,  and  on  Aniemia  and  its  consequences,  have 
been  specially  mentioned  to  me  as  having  excited  great  attention, 
and  obtained  much  praise. 

In  one  position  which  he  occupied  Dr  Begbie  was  very  promi- 
nently useful,  and  deserves  to  be  specially  pointed  out  for  general 
imitation.  I  refer  to  the  office  which  for  nearly  forty  years  he  held 
ae  medical- adviser  to  tbe  Scottish  Widows'  Fund  Assurance  Office. 
In  saying  this,  I  do  not  wish  to  give  him  any  preference  over  bis 
brethren  who,  amcmg  ourselves,  hold  similar  situations.  That 
would  not  only  be  invidious,  but  utterly  unjust;  for  I  know  that 
all  the  Edinburgh  offices,  and  I  have  no  doubt  the  Scottish  offices 
generally,  are  in  this  respect  aided  by  advisers  of  the  greatest 
skill,  assiduity,  and  conscientiousness.  But  the  Scottish  Widows' 
Fund  is,  I  believe,  our  oldest  Edinburgh  office,  and  certainly  one 
of  our  most  prosperous,  and  I  cannot  resist  this  opportunity  of 
saying,  without  disparaging  the  merits  and  eervices  of  officers  of 
another  class  in  such  institutions,  that  the  character  and  conduct 
of  their  medical  adviser  must  always  be  of  the  utmost  importance 
to  their  prosperity.  Some  recent  occurrences  have  opened  our  eyes 
to  a  danger  that  we  were  apt  to  forget,  that  those  who  profess  to 
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give  security  to  otbera,  may  not  be  themeelveB  secure.  As  the 
epigram  says, 

"  Payment  of  pieminmB  will  bnt  make  you  poorer. 
Dnleas  you're  very  sure  of  your  iuBDrer." 

And  certainly  there  can  be  do  disappointment  more  cruel,  no 
injustice  more  culpable,  than  that  which  takes  from  hard-working 
men  of  business  a  share  of  their  aonual  earnings  on  the  fsltb  of 
providing  for  their  families,  and  then  at  the  end  leaves  those 
families  unprovided  for. 

Now,  one  of  the  best  guanintees  for  the  success  and  solvency  of  an 
insurance  oEBce  is  to  be  found  in  the  skill  and  fidelity  of  the  medical 
officer.  It  ia  by  testing  carefully  the  value  of  the  lives  proposed 
for  insurance  that  the  ofBce  is  enabled  to  meet  its  engagements 
aud  realise  its  profits ;  for  one  great  source  of  profit  must  be  that 
the  livee  insured  are  in  one  sense  picked  lives,  so  that  they  shall 
not  be  more  hazardous,  but  rather  less  bo,  than  the  average  rate 
of  life  on  which  the  tables  are  framed;  and  that  if  any  extni 
hazard  is  run,  it  shall  be  compensated  by  a  corresponding  extra 
payment.  The  medical  duty  thus  to  be  discharged  is  not  an  easy 
one,  and  is  beset  by  many  difficulties  and  snares.  It  is  not  always 
easy  to  detect  the  seeds  of  latent  disease,  even  when  the  person 
insured  is  presented  to  the  medical  officer;  and  it  is  still  more 
difficult  vhen  the  judgment  is  to  be  formed  at  second-hand  from 
information  that  may  be  careless,  inaccurate,  or  even  treacherous, 
and  where  the  utmost  vigilance  and  acnteness  are  required  in 
order  to  detect  any  concealed  flaw.  On  the  other  band,  it  is  not 
right  that  lives,  even  of  a  doubtful  kind,  should  altogether  be 
excluded  from  the  benefit  of  insurance,  and  still  less  that  the 
medical  officer  should  reject  any  from  ignorance  or  rash- 
ness. 

The  task  thus  devolving  on  Dr  Begbie  for  the  important  Society 
to  which  he  was  attached  was  discharged  by  him  in  a  manner 
highly  satisfactory  to  his  constituents,  and  tending,  there  is  no 
doubt,  to  aid  in  achieving  for  that  society  the  great  and  growing 
success  which  has  attended  it.  Dr  Begbie's  septennial  papers  on 
the  causes  of  death  in  the  records  of  that  society  were  extremely 
interesting,  and,  I  believe,  very  instructive.  It  is  a  great  satis- 
faction to  his  friends,  and  to. those  interested  in  that  institution, 
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th&t  his  place  Jo  now  filled  by  a  eon  who  ie  eveiy  way  wottliy  to 
succeed  bim. 

I  sball  note  bere  some  dates  of  the  principal  incidents  of  Dr 
fiegbre's  profeesional  life,  and  add  also  from  the  "  Biliul>urgh 
Medical  Journal "  eome  account  of  bia  last  illuesa. 

Dr  Begbie  graduated  in  medicine  in  1821  in  the  University  of 
Edinburgh.  In  1822  he  was  elected  Fellow  of  the  College  of 
Surgeons,  and  at  this  time  entered  on  the  duties  of  private  medicul 
practice.  In  1847,  having  become  much  engaged  in  consulting 
practice,  be  joined  the  College  of  Fhysiciaus  as  a  Fellow.  Of  that 
College  he  was  Fieeident  in  1854-56,  and  discharged  the  duties  of 
the  office  with  ability,  dignity,  and  grace.  For  a  few  years  after 
the  institution  of  the  office,  he  acted  as  one  of  the  Examiners  in 
Uedicinein  the  University.  During  1850-52  he  was  President 
of  the  Medico-Chirurgical  Soeiety.  For  several  years  he  was 
Physician  in  Ordinary  to  the  Queen  in  Scotland. 

The  illuesa  which  led  to  bia  death  began  in  the  end  of  1868 
from  exposure  to  cold,  which  gave  rise  to  an  attack  of  pneumonia. 
This  was  got  under,  but  be  returned  too  soon  to  hie  duties,  and 
again  became  ill  from  some  long  journeys  which  he  made.  It 
was  then  seen  that  his  health  was  seriously  impaired.  He  suffered 
much  from  breathlessness,  and  the  action  of  the  heart  became  em- 
barrassed. A  change  of  air  and  scene  was  tried  without  success,  and 
on  his  returning  home  bis  symptoms  became  more  violent,  and  bis 
strength  declined.  The  immediate  cause  of  his  death  was  pulmon- 
ary congestion.  But  be  remained  conscions  and  collected  to  the 
last,  enduring  much  aufTering  with  great  patience,  and  looking  for- 
ward to  his  end  without  fear  and  with  a  well-founded  religions 
confidence.    He  died  on  the  26th  of  August  1869. 

WiLUAU  Brand,  another  of  our  departed  members,  was  bom 
in  1807,  in  the  parish  of  Peterhead,  and  received  his  eariy  educa- 
tion ED  that  parish.  After  serving  an  apprenticeship  in  Peterhead 
with  the  respectable  gentlemen  who  were  factors  for  the  Merchant 
Maiden  Hospital  of  Edinburgh  in  that  place,  he  came  to  this  city, 
abont  the  year  1829,  and  served  a  second  apprenticeship  with 
Messrs  Scott,  Findlay,  and  Balderston,  W.S.,  of  which  firm,  after 
himself  entering  aa  a  Writer  to  the  Signet,  be  became  a  partner. 
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He  wae  au  excellent  man  of  busineBe,  of  great  iDtelligeoce,  accu- 
racy, and  integrity;  and  his  high  character  id  this  respect  led 
to  hie  appointment,  in  1846,  to  the  secretaryship  of  tlie  Union 
Bank  of  Scotland,  a  situation  which  he  filled  with  great  naeful- 
iieaa  and  universal  approbation  until  bis  death.  Hie  knowledge 
uf  financial  alTaits,  bis  readiness  to  oblige  and  assist  wberever 
his  services  were  desired,  and  his  great  courtesy  and  frarikneES, 
tuade  him  most  acceptable  to  bis  constituents  and  their  customers, 
as  well  as  to  all  who  came  in  contact  with  bim. 

Mr  Brand's  love  of  ecieiico  early  took  the  direction  of  a  decided 
taste  for  botany,  and  be  was  one  of  the  original  members  who 
founded  the  Botanical  Society  of  Edinburgh.  Of  that  Society  be 
continued  alt  along  to  be  a  most  valuable  member,  contributing 
many  excellent  communications  to  it,  and  enriching  its  berb.irium 
with  many  thousand  specimens  of  interesting  plants,  collected  by 
him  and  by  his  friends  in  the  course  of  their  numerous  botanical 
sxcuraions,  on  which  he  always  entered  with  great  enthusiasm, 
and  for  which  he  was  admirably  adapted  by  his  active  habits  and 
buoyant  spirits,  and  by  his  readiness  to  bear,  and  even  enjoy, 
the  little  hardships  and  inconveniences  which  such  excursions 
sometimes  involve.  The  spoils  with  which  these  excursionists 
returned  were  given  to  the  Society,  [lartly  for  distribution,  partly 
for  prestrvatioD,  and  were  of  no  small  importance  in  fostering 
und  difTuiiing  a  taste  for  botany  and  a  knowledge  of  the  Scottish 
flora. 

Some  months  before  his  death  Mr  Brand'tj  health  btgiin  to  fail; 
und  although  at  first  no  serious  alarm  was  felt  as  to  his  case,  he 
at  last  sank  rapidly  and  unexpectt'dly,  and  died  on  the  ISili 
October  last,  having  completed  his  sixty-second  year. 

Mr  Brand  was  well  known  as  an  active  member  of  the  Episcopal 
Church  of  Scotland.  He  died  deeply  lamented  by  his  relatives 
and  friends,  and  amidst  the  general  respect  and  regret  of  the 
community,  for  his  excellent  qualities  and  exemplary  character. 

Dr  Ali.b:4  Dalzeu.,  an  able  and  amiable  member  of  our  Society, 
was  born  in  1821  at  Madras,  where  his  father  held  the  position  of 
Postmasler General.  Like  mostcbildren  of  European  parents,  be 
early  came  to  this  country  and  resided  with  his  mother  in  Dum- 
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friea,  wbere  hie  preliminary  educatiou  wm  mainly  carried  on.  He 
aerved  for  some  years,  first  in  the  navy  and  then  in  tbe  army,  anJ 
saw  a  good  deal  of  actual  warfare ;  but  in  184S  he  resolved  to 
change  faie  proression,  and,  having  commenced  vitb  great  ardour 
the  study  of  medicine,  he  took  the  degree  of  Doctor  of  Medicine 
at  the  University  here  with  high  distinction.  While  yet  a  student 
he  had  rendered  great  assistance  to  Professor  William  Qregory  in 
liis  researches  as  to  creatine  and  the  products  obtained  from  uric 
acid,  and  he  received  from  that  eminent  chemist  a  special  certificate 
of  having  exhibited  much  original  research,  while  be  obtained  at 
the  same  time  from  the  Senatus  a  remissioD  of  one  Annus  Medicus 
of  the  usual  medical  curriculum.  In  1853,  at  the  time  of  bis 
graduation,  he  obtained  the  gold  medal  of  the  University  of  Edin- 
burgh for  a  series  of  extended  researches  on  physiology,  and  in 
December  of  that  year  he  was  appointed  by  Professor  Gregory  hie 
class  and  laboratory  assistant,  with  the  duty  of  teaching  the  class 
of  Practical  Chemistry.  During  the  winter  preceding  tbe  Pro- 
fessor's death,  when  be  was  laid  aside  by  illuess,  Dr  Dalzell 
supplied  his  place  in  the  chemical  class,  and  was  afterwards 
appointed  by  Dr  Lyon  Playfair,  Dr  Gregory's  successor,  to  the 
same  duties  of  conducting  the  practical  laboratory  which  be  bad 
foimerly  discharged.  Hie  connection  with  the  University  con- 
tinued to  the  last,  with  these  additional  labours,  that  in  1859  he 
ilelivered  io  tbe  New  College,  Edinburgh,  a  six  months'  couise  on 
Natural  Science,  and  succeeded  tlje  late  Dr  George  Wilson  in  the 
Chair  of  Chemistry  aud  Materia  Medica  in  tbe  Royal  Veterinary 
College,  which  office  lie  filled  for  many  years  with  credit  to 
himself  and  benefit  to  his  pupils.  He  was  also  in  much  request, 
and  much  esteemed  as  a  popular  lecturer  on  sctentific  subjects  in 
various  institutions  in  England  as  well  as  in  Scotland.  He  Vae 
possessed  of  decided  talents,  and,  with  much  professional  infor- 
mation, he  bad  great  refinement  and  elevation  of  character;  and 
his  frank,  affectionate,  and  generous  disposition  secured  the  attach- 
ment of  all  who  knew  him.  With  bis  quick  feelmgs  and  impulsive 
disposition,  it  is  possible  that  bis  health,  already  affected  by  over- 
work, may  have  been  further  injured  by  an  unpleasant  lawsuit  in 
connection  with  his  official  position  in  the  Veterinary  College. 
An  erroneous   verdict  was  returned  ngninst  him,  but  which,  on 
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an  appeal  to  the  Courtj  wag  eet  aside,  and  a  verdict  in  bis  Tavour 
unanimonsly  given  by  a  aecoDd  jury. 

His  health  was  for  eome  time  delicate,  and  it  whb  Tound  that  he 
had  eevere  disease  of  the  heart.  He  died  on  the  29th  July  18C9, 
after  an  iUneBB  of  much  aufTering,  borne  with  pious  and  exemplary 
patience.  His  removal,  thus  occurring  in  the  prime  of  life,  was  felt 
as  a  great  loss  and  a  severe  afBiction  by  his  relatives  and  friends. 

Dr  BoBBKT  DrcB  was  the  eldest  son  of  the  late  Dr  William  Dyce, 
an  eminent  physician  in  Aberdeen.  He  waa  bom  in  November 
1798,  and  was  the  eldest  of  a  family  of  sixteen,  of  whom  the  late 
eminent  artist,  Ur  William  Byce,  was  one.  He  took  bis  degree  of 
M.A.  at  Mariscbal  College  in  1816,  and  afterwards  studied  medicine 
at  Aberdeen,  Edinborgh,  and  LondoD.  After  being  for  some  time 
attached  to  the  Military  Hospital  at  Chatham,  he  went  out,  in  1821, 
on  a  staff  appointment  to  the  Mauritius.  There  be  became 
extremely  popular  with  the  English  residents,  from  whom  be 
declined  to  take  fees  for  medical  attendance,  but  who  eagerly 
showed  their  gratitude  by  valuable  presents.  He  waa  afterwards 
transferred  to  the  Cape,  where  be  remained  for  five  years,  and 
married  the  daughter  of  a  gentleman  holding  a  high  official  posi- 
tion there.  He  returned  to  England  in  1833,  and  spent  a 
winter  in  Aberdeen,  after  which  be  accepted  a  staff  appointment 
at  Maidstone;  hut  in  1836,  on  the  death  of  bis  father,  he  was 
induced  to  settle  in  his  native  town,  where  he  succeeded  to  an 
extensive  practice  and  to  valuable  appointments.  In  1860,  on  the 
union  of  the  two  Colleges  at  Aberdeen  into  one  University,  he  was 
appointed  to  the  Professorship  of  Midwifery,  then  established, 
having  previonsly  held  a  college  lectureship  on  that  branch  of 
science  for  nearly  twenty  years. 

Both  as  a  lecturer  and  as  a  practitioner  in  bis  special  depart- 
ment be  was  looked  up  to  as  a  high  authority;  and  to  his  students, 
08  well  as  to  all  who  came  in  contact  with  him,  he  recommended 
himself  by  bis  kind  and  courteous  manners,  and  bis  high  principles 
and  honourable  feelings,  which  were  in  ever;  respect  those  of  a 
thorough  gentleman.  His  medical  assistance  to  the  poor  was  given 
gratuitously,  with  unremitting  and  unostentatious  liberality.  He 
was  on  accomplished  man,  well  acquainted  with  several  import- 
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ant  branches  of  natural  hietory,  which  he  had  had  peculiar  oppor- 
tunfties  of  etudying  at  the  Mauritius  and  al  the  Cape ;  and  he  bad 
made  estenBive  collectiona  of  apecimeuB,  some  of  which  were  of 
great  value.  Though  not  an  artist,  like  his  diBtinguished  brother, 
be  bad  a  great  love  of  art,  and  a  fine  and  critical  taste  in  paintiag. 
He  had  been  ailing  for  eome  little  time  before  hia  death,  but  had 
not  felt  any  serious  alarm  about  bis  case.  At  last,  however,  he  came 
to  Edinburgh  for  medical  advice,  when  it  was  found  that  be  had 
acnte  inflammation  of  the  lungs.  It  was  hoped  that  it  might  easily 
be  subdued ;  but  the  disease  suddenly  took  an  unfavourable  turn,  and 
be  died  in  Edinburgh,  11th  January  1869,  in  his  seventy-first  year. 

Among  our  Honorary  MemLera  whom  we  have  lost  I  have  to 
notice  the  eminent  pbyeiologist  M.  Floukkhb,  lately  deceaaed.  He 
is  well  known  among  us,  both  by  his  reputation  and  by  his  works ; 
and  notices  of  the  principal  events  of  his  life  are  to  be  found  in 
the  usual  books  of  contemporary  biography.  I  am  sony  that  I 
have  been  unable  to  ascertain  any  particulars  as  to  the  cause  or 
circumstances  of  bis  death,  a  matter  which,  in  bis  case,  and  in  con- 
nection with  his  own  speculations,  might  be  thonght  to  poeeees  a 
special  interest. 

He  was  bom  in  the  district  of  Herault,  in  France,  in  1794,  and 
early  devoted  himself  to  medical  science,  and  particularly  to  phy- 
siology and  biology.  He  made  various  researches  and  experiments 
on  the  nervous  system,  and  on  the  several  functions  of  the  great 
sources  of  nervous  power ;  and  his  countrymen  consider  that  the 
disclosures  thus  made  by  him,  preceding,  as  they  did,  the  pro- 
mulgation of  the  discoveries  of  Sir  Charles  Bell,  entitle  him  to  high 
praise,  and  form  the  best  foundation  of  bis  scientific  reputation. 
He  published  a  variety  of  works  on  other  cognate  subjects  from 
time  to  time,  one  of  the  most  remarkable  of  these  being  upon 
"Longevity,  and  the  amount  of  life  diffused  over  the  globe,"  in  which 
he  vindicated  for  man  the  period  of  100  years  as  the  normal 
duration  of  his  esistence  under  favourable  circumstances.  He 
wae  elected  a  member  of  the  Academy  of  Sciences,  of  which  he 
afterwards  became  one  of  tbe  secretaries.  He  was  also  after- 
wards elected  a  member  of  the  AcadSmie  Fran^aise,  and  had 
B  other  honours  conferred  upon  him,  both  scientific  and 
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political.  But  he  Beema  to  have  valued  bis  ecientific  position 
above  all  adTentitions  dignities.  At  his  death  he  had  attained 
liifl  seventy-fiftb  year,  which  might  be  generally  thought  a  pretty 
fair  allowance  of  life;  but  from  our  ignorance  of  facts  above 
allnded  to,  we  are  unable  to  say  whether  this,  in  his  view,  Aprema- 
Ivre  termination  of  his  existence,  ia  or  is  not  a  confirmation  of 
his  own  theory  on  the  subject. 

There  is  no  member  of  the  Boyal  Society  of  whom  we  have 
occasion  to  lament  the  death,  and  to  cherish  the  memory,  more 
than  Principal  Forbbb,  who  was  for  so  loag  a  period  onr  faithful 
and  efficient  Secretary.  It  will  not  be  easy  to  do  justice  to  the 
merits  of  one  who  bad  bo  many  claims  upon  our  gratitude  and 
regard,  and  who  reflected  so  much  honour  on  every  public  institu- 
tion with  which  he  was  connected. 

James  David  Forbes  was  born  at  Edinburgh,  on  the  20tb  of 
April  1809,  and  was  the  sod.  of  Sir  William  Forbes,  of  Pltsligo, 
Bart.  The  death  of  his  mother  in  the  year  after  his  birth,  and  the 
delicacy  of  constitution  which  proved  fatal  to  her,  made  bis  father 
feel  anxious  about  the  boy's  health  ;  and  as  he  grew  up,  liis  slender 
frame,  and  almost  premature  intellectual  development,  seemed  to 
indicate  that  his  education  ehonld  be  conducted  with  caution, 
and  limited,  in  the  first  instance,  to  the  simplest  and  most  essential 
subjects.  It  is  remarkable,  that  it  was  thought  necessary,  on  this 
ground,  to  prohibit  strictly  bis  study  of  mathematics ;  and  it  was 
only  at  spare  moments,  and  almost  by  stealth,  that  he  acquired  a 
branch  of  knowledge  so  intimately  connected  with  the  pursuits  in 
which  be  was  afterwards  destined  to  excel.  His  preliminary  edu- 
cation was  chiefly  domestic,  but  in  due  time  be  attended  several  of 
the  classes  of  the  Edinburgh  University.  On  leaving  it,  be  has 
told  us  that  geology,  meteorology,  and  physics  were  bis  favourite 
puTBuitsi  and  he  then  began  those  excursions  at  home  and  abroad 
which  were  to  him  all  his  life  so  great  a  source  of  pleasure  and 
scientific  improvement.  While  he  was  still  a  youth  his  father  had 
occasion  to  spend  two  successive  winters  in  Italy,  whither  he  took 
his  eon  with  him  ;  aud  young  Forbes's  natural  taste  for  investiga- 
tion led  him  to  mate  frequent  visits  to  Vesuvius  and  the  celebrated 
Pillars  of  Serapis.    His  mind  was  strongly  moved  by  what  he 
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there  saw;  and  in  1827,  when  eighteen  years  of  age,  his  Gret 
BcieDtific  papers  appeared  in  Dr  Brewster's  Journal,  but  without 
his  Dame.  Two  other  papers  from  him,  on  the  natural  features  of 
the  same  region,  appeared  in  the  same  journal,  also  anonymously, 
but  with  the  signature  "Delta;"  and  from  that  time  forward  he 
continued  to  be  a  regular  contrihutot  to  that  publication  in  oom- 
municatiouB  which  were  avowed. 

In  1830,  in  compliance  with  his  father's  wishes,  Air  Forbes 
passed  advocate  at  the  Scottish  bar,  and  walked  the  boards  for  a 
short  time;  but  big  heart  was  not  there,  and  it  would  have  been 
vain  to  confine  his  buoyant  spirit  and  active  frame  to  the  close 
discipline  of  that  profession,  when  it  was  in  his  power  to  indulge 
his  tastes  and  faculties  in  tlie  pursuit  of  pbysical  science  and 
geological  exploration.  He  soon  afterwards  resolved  to  quit  the 
law,  and  rejoiced  in  the  change  he  had  thus  made.  At  this  time 
he  visited  Switzerland,  and  imbibed  that  interest  in  the  subject  of 
the  glacier  formations  which  afterwards  stimulated  so  much  of  his 
exertions,  both  as  an  explorer  and  as  a  scientific  author. 

Id  1833,  on  returning  from  the  Continent,  he  found  that  the  Chair 
of  Natural  Philosophy  had  become  vacantby  the  death  of  Professor 
Leslie,and  tbatForbes'sfriendsbadput  him  in  nomination  as  a  candi- 
date. It  was  a  painful  position  for  him  to  occupy  when  his  competitor 
was  Sir  David,  then  Dr  Brewster,  who  iiad  been  among  bis  earliest 
scientific  friends,  and  who  had  fostered  and  encouraged  bis  talents 
by  the  kindest  sympathy  and  assistance.  It  was  a  keen  contest, 
and  the  friends  of  Brewster  might  naturally  feel  indignant  that  so 
young  a  man  abould  he  preferred  to  one  of  such  high  eminence 
and  long  standing  as  Brewster  had  attained  to.  This  preference 
was  imputed  entirely  to  political  feeling  or  local  influence,  and 
these  undoubtedly  entered  largely  into  the  question.  But  the 
supporters  of  Forbes  were  no  false  prophets  when  they  predicted 
for  their  candidate  a  long  career  of  ardent  exertion  and  eminent 
success,  not  only  as  a  scientific  inquirer,  but  as  a  lecturer  and 
teacher ;  and  as  to  his  youth,  it  was  pointed  out  that  Uaclaurin, 
Dugald  Stewart,  and  other  eminent  professors,  were  appointed  at 
as  early  an  age,  oi  earlier.  The  appointment,  ultimately,  had  all 
the  justification  which  the  event  could  supply.  Professor  Forbes 
occupied  the  Chair  of  Natural  Philosophy  for  more  than  a  quarter 
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or  a  century,  with  the  utmoBt  honour  to  himaelf  and  the  UniverBity 
to  which  he  helongeil.  It  ie  creditable  to  both  partiee,  and  more 
eapecially  bo  to  Sir  David  Brewater,  that  the  contest  which  thus 
terminated  did  not  dissolve  their  friendship,  or  prevent  their 
cordial  co-operation  in  everything  that  could  promote  the  interests 
of  science. 

For  a  long  series  of  summers  Profesaor  Forbes  reeiirted  to  Swit- 
zerland and  to  other  districts  of  alpine  scenery  in  Europe,  and  thus 
matured  those  profound  and  important  views  which  he  promulgated 
OD  geological  and  other  questions — in  particular,  on  the  subject  of 
glaciers.  It  is  quite  uDnecessary,  and  would  be  very  presumptuous 
on  my  part,  to  attempt  any  account  or  criticism  of  his  works  or 
researches,  and  indeed  everything  that  could  be  desired  has  in  this 
respect,  so  far  as  geology  is  concerned,  been  excellently  done  by  our 
friend  Mr  Getkie,  in  the  minute  and  kindly  memoir  of  Principal 
Forbes  which  he  lately  read  to  the  Geological  Society.  Appended  to 
that  memoir  will  be  found  a  correct  and  complete  list,  as  I  believe,  of 
Principal  Forbes'  scientific  writings,  and  the  catalogue  of  our  own 
library  will  supply  similar  information.  I  may  shortly  say,  that 
Principal  Forbes  was  an  ardent  geologist — that  from  an  early  period 
he  had  been  imbued  with  the  enthusiasm  for  that  branch  of  science 
which  prevailed  among  scientific  men  in  Edinburgh  in  the  first 
quarter  of  the  present  century,  and  that  be  earnestly  desired 
to  see  a  school  of  geology  fully  revived  and  established  among  ns. 
Principal  Forbes,  it  is  somewhat  singular  to  observe,  bad  on  the 
motion  of  Dr  Brewster  been  admitted  a  member  of  the  Boyal 
Society  before  he  had  attained  his  twenty-first  year.  The  Eeith 
Prize  was  twice  awarded  to  him  by  the  Council.  In  1846,  on  the 
death  of  Sir  John  Bohison,  lie  was  appointed  to  the  ofGce  of 
Secretary  of  this  Society,  and  for  about  twenty  years  thereafter  be 
discharged  the  duties  of  the  appointment  with  the  most  efficient 
assiduity  and  the  most  conscientious  diligence.  His  desire  to 
maintain  the  usefulness  and  the  dignity  of  the  Society,  and  to 
preserve  its  ranks  and  its  discussions  free  from  anything  that  was 
unworthy  of  a  scientific  body,  and  the  pains  that  he  look  in  pro- 
curing and  preparing  for  publication  the  compositions  which  con- 
stitute its  "  Transactions,"  and  on  which  ite  character  and  reputa- 
tion will  in  a  great  measure  permanently  depend,  were  beyond  all 
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praJBe,  and  were  botli  proved  and  rewarded  by  the  condition  in 
which  he  maintained  the  Society  while  lie  was  Secretary,  and  in 
which  he  left  it  when  he  resigned  that  ofSce 

Od  occasion  of  bis  giving  up  the  ofSce  of  Secretary,  the  Royal 
Society  recorded  the  expiession  of  their  sense  of  hie  valuable 
services  in  the  following  resolution  : — "  TLut  the  Royal  Society 
deeply  laments  that  a  necessity  bos  arisen  for  the  retirement  of 
Principal  Forbes  from  office  as  General  Secretary.  That  it  desires 
now  to  record  in  its  minutes  its  grateful  eense  of  the  obligation 
under  which  it  lies  to  Principal  Forbes  for  the  zeal  and  ability  with 
which  be  hae  acted  as  its  Secretary  for  the  lost  twenty  years,  for 
the  many  imiwrtant  discoveries  and  inquiries  in  science  which  he 
has  brought  before  its  meetings,  and  fur  the  eminent  degree  in 
which  his  exertions  and  example  have  contributed  to  its  present 
prosperity ;  and  that,  as  a  mark  of  the  regard  in  which  he  hait  been 
long  held,  alike  as  an  office-bearer  and  as  a  cultivator  of  physical 
science,  he  be  requested  to  sit  to  an  eminent  artist  for  his  portrait, 
to  ba  hung  in  the  Society's  apartments." 

On  the  removal  of  Sir  David  Brewster  to  the  headship  of  the 
University  of  Edinburgh,  Professor  Forbes  was  chosen  Principal 
of  the  United  College  of  St  Salvator  and  St  Leonard  in  the  Uiiiver- 
Bity  of  St  Andrews.  His  failing  health,  which,  there  can  be  little 
doubt,  bad  suffered  much  from  excessive  exertions  in  his  mountain 
excursions,  and  perhaps  also  from  overslrained  labour  in  some  of 
his  scientific  researches,  made  the  retreat  thus  offered  to  him  a 
Welcome  refuge  from  the  task  of  daily  lectures  to  which  he  bad  be- 
come quite  unequal.  For  a  time  after  his  removal  to  the  retlreinent 
of  St  Andrews,  he  seemed  to  be  rallying  in  strength,  with  the 
assistance  of  his  annual  residence  in  the  pure  nit  and  amidst  the 
interesting  scenery  of  Perthshire,  hut  the  improvement  did  not 
continue,  and  his  old  ailment  of  hEemorrhage  from  the  lungs  returned 
with  alarming  violence.  He  left  St  Andrews  and  removed  to  a 
milder  climate,  stopping  ultimately  at  Clifton,  where  be  died  on 
the  31st  of  December  1868.  We  are  told  that  "whilst  his  body 
was  reduced  to  the  last  stage  of  weakness,  his  mind  remained  self- 
conlrolled,  unclouded,  and  peaceful  to  the  end."  His  activity  and 
usefulness  in  his  office  of  Principal  of  St  Andrews  University  have 
been  borne  witness  tn,  and  a  tiuthful  and  touching  tribute  paid  to 
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liie  memory,  in  the  addrees  lately  delivered  by  his  excellent  and 
accomplished  Bucceseor  Principal  Sh^irp. 

Principal  Forbes  bad  a  certain  reserve  and  apparent  dryness  of 
manner,  but  he  had  a  kind  and  noble  heart,  an  unremitting  zeal  for 
the  promotion  of  science,  a  conecientious  desire  to  discharge  every 
duty,  an  ardent  love  of  truth,  and  a  strong  detestation  of  injustice. 
He  was  not  unmindful  of  what  he  felt  to  be  his  own  claims,  but  he 
also  fought  many  a  battle  in  vindication  of  what  he  considered  to 
be  due  to  others. 

The  lat«  Master  of  the  Mint  will  be  readily  enrolled  by  all  who 
knew  bim,  or  who  know  what  he  has  done,  as  another  among  the 
great  namee  that  Scotland  can  boast  of  in  chemical  science. 

ThohasGeaium  was  bom  at  Glasgow,  on  the  21et  December  1805, 
and  after  passing  through  the  usual  course  of  prcliminuy  study  in 
that  city,  he  entered  the  University  of  Glasgow  in  1819.  He  early 
showed  a  strong  taste  for  science,  and  a  decided  bias  for  chemistry 
as  a  pursuit.  His  father,  it  is  believed,  wished  him  to  enter  the 
Scotch  Gharch;  but  Graham  felt  that  bis  true  vocation  lay  in 
another  direction,  and  hia  desire  of  penetrating  the  secrets  of 
natural  knowledge  was  too  strong  to  be  repressed.  Thomas  Thom- 
son was  then  Professor  of  Chemistry  in  Glasgow  University,  and  it 
cannot  he  doubted  that  from  his  instruction  Graham  derived  great 
benefit,  and  received  a  strong  confirmation  of  his  natural  toetes  in 
that  direction.  After  graduating  at  Glasgow,  be  repaired  to 
Edinburgh,  and  studied  for  two  years  under  Dr  Hope,  who,  if  not 
distinguished  by  powers  of  original  discovery,  was  an  able  and  ele- 
gant expositor  of  the  discoveries  of  others,  and  most  succeasfnl  in 
conducting  the  experiments  by  which  hie  lectures  were  illustrated. 
Grabam  at  this  time  also  made  the  acquaintance  of  Professor 
Leslie,  a  man  of  undoubted  originality  and  of  most  diversified 
knowledge,  and  with  whom  it  was  impossible  to  associate  without 
being  stimulated  to  intellectual  exertion  and  scientific  inquiry. 

It  is  probable  that,  during  the  time  when  he  was  engaged  in  his 
University  studies,  both  in  Glasgow  and  Edinburgh,  he  was  sub- 
jected to  much  anxiety  as  to  his  prospects,  and  aa  to  the  proba- 
bility of  bis  being  able  to  justify,  by  success,  the  choice  which  he 
had  made  of  a  position  in  life,  which  could  scarcely  be  said  to 
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amouDt  to  a  profefiBion,  and  which,  at  that  time  in  particular,  pro- 
mised few  and  ecanty  rewards  for  the  efforts  and  sacrifices  which  it 
involved.  Id  these  trials  it  would  appear  that  Graham  wae  com- 
forted and  supported  by  the  sympathy  and  affection  of  an  excellent 
mother,  with  whom,  when  he  was  ahaent,  he  regularly  correBponded, 
and  to  whom  be  confided  hia  most  intimate  and  anxious  feelings. 

In  Buch  circumstances,  it  must  have  been  a  source  of  pride  and 
satisfaction  to  him  that,  in  1829,  when  scarcely  twenty-four  years  of 
age,  he  was  appointed  Lecturer  on  Chemistry  at  the  Mechanics' 
Institution,  Glasgow,  and  in  1830  Professor  of  Chemistry  at  the 
Andersonian  Institution,  an  event  of  which  his  mother  jnst  sur- 
viTcd  to  hear. 

In  1837  he  was  appointed  Professor  of  Chemistry  in  the  London 
University,  and  remained  in  that  appointment  till  the  year  1655. 
During  the  five  and  twenty  years  for  which  he  thus  occupied  a 
professorial  cbair,  first  in  Glasgow  and  then  in  London,  Graham 
found  himself  in  that  position  which  waa  the  one  he  would  himself 
probably  have  selected  as  the  best  for  carrying  on  his  favourite 
plans  of  scientific  investigation ;  and  that  long  period  was  accord- 
ingly devoted  to  the  assiduous  prosecution  of  his  great  object,  in 
the  course  of  which  hie  enthusiastic  researches  were  rewarded  by 
numerous  important  discoverieB,  which  are  not  only  in  themselves 
valuable,  but  which  must  ever  deserve  the  attention  of  chemical 
students,  as  examples  of  that  assiduous  application  and  persevering 
inquiry  by  which  alone  the  hidden  truths  of  nature  can  he 
brought  to  light. 

It  is  quite  beyond  my  power  to  give  any  detailed  account  of  Ur 
Graham's  discoveries,  or  to  make  a  just  estimate  of  their  value  in  a 
science  with  which,  in  its  rapidly  advancing  and  ever  expanding 
state,  I  am  so  imperfectly  acquainted ;  but  I  believe  the  statements 
on  the  subject  which  lately  appeared  in  the  new  periodical, 
"  Nature,"  maybe  relied  on  as  accurate  and  just;  and  I  have  been 
furnished  from  a  high  authority  with  some  materials  as  to  these 
points,  which  I  shall  endeavour  here  to  embody  to  the  best  of 
my  ability. 

Graham's  tendency  to  the  prosecution  of  scientific  discovery 
showed  itself  white  he  was  yet  a  pupil  of  Professor  Thomson 
in  Glasgow.     He  made  some  suggestions  to  that  Professor  as  to 
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the  poBsibitity  of  water  playing  an  import&nt  part  in  the  con- 
stitution of  acids  and  aalte.  Tbe  Profeaeor  was  struck  by  the 
ideas  of  bis  young  pupil,  and  encouraged  him  to  continue  hia  in- 
TestigatiotiB  on  tbe  subject.  This  ultimately  led  to  his  splendid 
reEearcbcB  in  phospboric  acid,  as  to  which  be  shows  that  its  three 
varieties — common  pboepborio  acid,  pyroplioapboric  acid,  and  meta- 
phosphoric  acid — differed  only  by  containing  a  different  number 
of  atoma  of  water,  cbemioally  combined  with  the  an-hydride.  He 
followed  this  inquiiy  up  by  researches  on  water  in  salts,  and 
showed  that  in  a  salt  tbe  different  numbers  are  held  with  dif- 
ferent degrees  of  tenacity.  His  attention  was  early  attracted  to 
the  diffusion  of  gases.  Tbe  manner  in  which  gaaes  mix  with  each 
other,  and  tbe  permanence  with  which  tbe  intermixture  ia  main- 
tained, are  remarkably  different  from  what  ia  experienced  in  the 
case  of  liquids ;  and  it  is  probably  to  this  fact  that  we  owe  the 
stability  of  tbe  proportions  In  which  the  ingredients  of  tbe  atmo- 
uphere  are  maintained,  a  uniformity  which  is  so  essential  to  organic 
life.  The  laws  also  according  to  which  gaacoua  diffusion  takes 
place  were  found  by  Graham  to  be  based  upon  mathematical  rela- 
tione between  their  density  and  their  Telocity  of  diffusion,  which 
were  at  once  interesting  and  unexpected.  Tbe  laws  ae  to  the 
effusion  of  gasea  into  a  vacuum,  and  their  transpiration  through 
narrow  tubes,  were  also  traced  by  him  with  indefatigable  diligence 
and  complete  success ;  and  it  is  a  fact  of  which  we  may  be  proud, 
that  his  first  paper  on  that  subject  was  read  before  this  Society. 
Tbe  importance  of  these  investigations,  particularly  in  connec- 
tion with  the  phenomena  of  osmosis,  will  prohalily  be  seen,  in 
its  full  extent,  in  the  clue  which  they  seem  to  give  to  some  of 
the  most  remarkable  facts  in  physiology.  Tbe  discoveries  of 
Dr  Graham  were  due  mainly,  it  may  he  aaid,  to  his  close 
adherence  to  any  subject  on  which  he  once  entered.  He  never 
quitted  it  until,  by  steadfast  attention,  deliberate  consideration, 
and  varied  experiment,  he  had  extracted  out  of  it  every  atom 
of  scientific  truth  which  it  was  capable  of  yielding.  Tbe  secret  of 
his  succesa  in  this  respect  was  probably  not  different  from  what 
may  be  seen  in  other  eminent  discoverers.  Newlon  ascribed  hia 
achievements  not  to  geuius,  but  to  earnest  and  unremitting  atten- 
tion ;  and  it  must  be  manifest  how  much  more  likely  it  is  that  a 
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new  truth  shonld  dawn  upon  tbe  mind  which  has  heen  long  &nd 
intently  occupied  with  a  subject  than  that  it  should  be  tbe  frait 
of  a  casual  and  transient  consideration.  It  was  by  this  habit  and 
faculty  of  perseverance  that  Graham  was  enabled  to  do  what  he 
did  -,  it  was  to  thie  that  we  owe  all  that  he  has  taught  ub  as  to  the 
diffusion  of  gases  and  liquids,  as  well  as  his  last  and  crowning 
discovery  as  to  the  nature  of  hydrogen,  of  which,  perhaps,  the  full 
effect  is  not  yet  fully  seen  or  recogniBed, 

At  an  early  stage  of  his  inquiries  as  to  hydrogen,  he  bad  seen 
that  it  was  isomeric  with  some  of  tbe  metals,  but  his  later  experi- 
ments went  further  still  towards  establishing  the  metallic  character 
of  that  gas.  He  showed  that  certain  metals — palladium,  platinum, 
and  iron — can,  under  certain  circumstances,  absorb  considerable 
quantities  of  hydrogen  gaa.  This  he  termed  the  "  Occlusion  of 
Hydrogen  Gas."  Latterly,  hia  investigations  were  made  almost 
exclusively  with  palhidium,  which  absorbs  a  much  larger  propor- 
tion of  hydrogen  than  any  other  metal.  The  metJiod  lie  pursued 
was  to  decompose  water  by  a  galvanic  battery,  the  negative  elec- 
trode, at  which  the  hydrogen  is  liberated,  being  formed  of  a  plate  or 
wire  of  palladium.  In  this  arrangement,  when  the  decomposition 
lakes  place,  oxygen  is  given  off  copiously  at  the  positive  electrode, 
but  no  hydrogen,  or  very  little,  appears  at  tbe  negative  in  the  first 
instance,  the  avidity  of  the  palladium  for  oxygen  requiring  that  it 
should  first  be  saturated  with  that  substance,  after  which  the 
hydrogen  begins  to  be  given  off.  In  this  way  Graham  succeeded 
in  charging  palladium  with  a  quantity  of  hydrogen,  which,  in  the 
form  of  gas,  would  occupy  900  times  the  volume  of  palladium. 
The  palladium  so  charged  retains  its  metallic  appearance,  and 
differs  from  pure  palladium,  very  much  as  a  metal  containing  a 
small  quantity  of  metallic  alloy  differs  from  the  pure  metal.  From 
these  facts,  Graham  inferred  that  hydrogen  in  its  solid  state  was 
truly  metallic,  and  to  this  substance,  according  to  the  usual  ana- 
lysis of  chemical  nomenclature,  the  name  of  hydrogenium  was 
given,  and  a  medal  of  palladium  and  hydrogenium  in  the  alloyed 
state  was  struck  in  honour  of  the  discovery.  Another  of  bis  recent 
discoveries  is  said  to  have  been  that,  while  the  gas  shut  up  in 
terrestrial  iron  is  carbonic  oxide,  the  gas  contained  in  meteoric 
iron  is  hydrogen. 
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Prior,  I  believe,  to  the  year  1850  the  Mastership  of  the  Mint  had 
for  a  long  time  been  a  political  office,  the  occupaDt  of  which  was 
remoTablo  with  the  luiniBtry  with  whom  he  was  aeeociated.  The 
individual  who  held  it  iru,  in  this  way,  not  a  man  of  science,  hut 
a  statesman  of  general  intelligence  and  busineBS  hahita,  whose 
duty  it  was  to  superintend  and  keep  to  their  tasks  the  permanent 
officials  by  whom  the  work  was  understood  and  performed.  In 
1850  a  change  was  made  in  this  respect,  and  apparently  a  change 
for  the  hetter.  It  was  determined  that  the  office  should  be  held 
by  a  man  of  science,  not  connected  or  removable  with  the  ministry 
of  the  day,  but  who  should  give  his  tatents  and  time  to  the  actual 
working  of  the  department.  The  office,  as  thus  remodelled,  was 
conferred  upon  Sir  John  Herschel,  in  acknowledgment  of  the  high 
eminence  which  he  had  attained  in  so  many  branches  of  science. 
He  held  the  office  till  1855,  when  bo  resigned  it  from  bad  health, 
and  Dr  Graham  was  then  appointed.  He  continued  to  hold  the 
office  and  discharge  its  duties  till  his  death  with  the  utmost  dili- 
gence and  efficiency.* 

All  who  knew  Graham  concur  in  bearing  testimony  to  the  purity 
and  simplicity  of  his  nature,  and  to  the  justice,  generosity,  and 
kindness  of  his  conduct.  He  was  physically  too  weak,  and  perhaps 
too  much  engrossed  with  scientific  objects,  to  enter  much  into 
society;  and  he  had  no  ambition  for  display,  but  was  solely  bent 
upon  the  discovery  of  scientific  truth  for  its  own  sake,  and  for  the 
advancement  of  scientific  objects.  He  has  been  cut  oS  in  the 
midst  of  a  noble  and  useful  career,  when  it  might  have  been 
hoped  that  some  years  of  active  investigation  would  still  be  allowed 
him,  and  from  which  it  is  not  easy  to  estimate  what  results  might 
huve  followed.  The  loss  which  science  has  thus  sustained  can  only 
be  repaired  by  similar  exertions  made  in  a  similar  spirit  by  those 
who  possess  the  natural  qualifications  that  are  essential  to  scientific 
inquiry. 

Dr  Graham,  for  sums  time  previous  to  his  last  illness,  had 
occasionally  gone  to  Malvern  for  a  day  or  two  at  the  end  of  a 
week,  and  derived  much  benefit  from  the  change.    On  the  last 

*  If  any  further  change  be  contemplated  in  this  department,  it  ib  to  be 
hoped  that  it  will  not  tend  to  deprive  men  of  sciencs  of  what  ib  at  once  a 
fair  reward  and  a  fitting  sphere  of  uiefalneBa. 
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in,  however,  of  his  being  there,  he  bad  over-fatigued  bimeelf 
by  walking,  and  c&nght  a  chill  from  falling  aeleep  near  an  o[«n 
window.  The  result  wu  an  attack  of  inflammation  in  one  of  the 
Inngs.  He  returned  immediately  to  London,  where  his  medical 
advisers  from  the  first  took  an  unfavonrahle  view  of  hie  case,  either 
in  its  immediate  or  ulterior  consequences.  He  died  on  16th  Septem- 
ber, after  ten  days'  illness,  having  been  assiduously  attended  by  his 
sister  and  one  of  his  nieces.  His  remains  were  brought  to  G-laa- 
gow,  and  interred  in  the  family  burying-ground  attached  to  the 
Cathedral,  where  two  months  before  he  bad  erected  a  tombstone  to 
the  memory  of  his  parents  and  other  members  of  the  family,  space 
being  left  merely  fur  hie  own  name  and  that  of  his  only  surviving 
sister. 

Charlbb  Frbsbrick  Faiup  von  Mibtios,  the  greatest,  perhaps, 
and  most  celebrated  botanist  of  the  present  day,  was  born  at  Erlan- 
gen,  in  Bavaria,  in  the  year  1794.  His  family  are  said  to  bare 
been  of  Italian  origin,  but  they  had  been  for  some  time  settled  in 
Bavaria,  where  his  father  bad  a  medical  appointment  in  connection 
with  the  court.  Young  Martius  received,  in  the  first  instance,  the 
ueual  medical  education,  but  when  about  eighteen  years  of  age 
resolved  to  devote  himself  to  botany,  and  shortly  afterwards  was 
appointed  to  a  subordinate  position  in  the  Botanic  Garden  at  Munich. 
His  diligence  in  that  situation,  and  the  merit  of  some  treatises 
which  he  then  published,  attracted  the  notice  of  Maximilian  Joseph 
1.,  who  was  an  ardent  lover  of  plants,  and  a  frequent  visitor  to 
the  garden.  In  1816,  when  the  joint  expedition  was  concerted  by 
Austria  and  Bavaria  to  explore  the  natural  history  of  Brazil,  Martins 
was  named  by  the  king  ae  the  Bavarian  botaniBl,  though  then  little 
more  than  twenty-two  years  of  t^.  He  immediately  set  out  on 
this  enterprise,  and  was  absent  for  a  period  of  four  years,  having 
returned  to  Munich  on  the  8th  of  December  1820.  The  explora- 
tions made  by  the  two  Bavarian  travellers,  Spix  and  Martius,  who 
proceeded  in  a  separate  direction,  and  over  a  wider  field  than  their 
Austrian  associates,  were  on  a  scale  much  larger  and  more  compre- 
hensive than  any  that  bad  previoush  been  attempted.  The  expe- 
dition, we  are  told,  irrespective  of  the  sea  voyage,  extended  over 
nearly  1100  geographical  miles,  and  for  months  led  through  the 
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TOOBt  iDhospitable  aod  daogeTous  regions  of  the  New  World.  Both 
exploreis,  howeveT,  escaped  vithont  uiy  important  disoBter  on  the 
road,  aod  they  bad  the  Tare  good  fortane  to  preseire  aod  bring 
home  tbeir  collections,  complete  and  uniDJored,  through  all  the 
perils  to  which  they  were  exposed.  These  coUoctione,  finer  and 
richer  than  all  previous  and  most  subsequent  ones  from  Brazil, 
weie  made  over  to  tbe  Academy. 

The  task  thus  successfully  achieved  established  Martius's  reputa- 
tion, and  settled  for  life  the  special  destination  of  his  studies.  He 
received  from  his  sovereign  distinguished  honours,  and  was  recog- 
nised by  men  of  science  as  worthy  of  a  high  place  among  them. 
The  publication  of  the  narrative  of  this  Brazilian  journey,  which 
appeared  in  1623-31,  and  which,  in  consequence  of  tbe  early  death 
of  Spix,  was  chief  y  prepared  by  Martius,  carried  the  admiration 
of  his  talents  to  a  very  high  pitch.  There  was  here  seen  a  worthy 
rival  of  Alexander  Humboldt ;  and  readers  were  at  a  loss  whether 
to  admire  most  tbe  copiousness  of  the  information  furnished,  or 
the  beanty  of  the  diction,  and  tbe  poetical  and  yet  truthful  power  of 
the  colouring,  in  which  were  presented  all  tbe  characteristic  features 
of  those  wonderful  regions,  with  tbeir  productions  and  tbeir  inha- 
bitants. A  relative  work  at  the  same  time  was  commenced,  and 
continued  in  a  magnificent  seriee  of  volumes,  exhibiting  to  scientific 
eyes  the  minute  representatioD  and  description  of  the  natural  ob- 
jects, whether  plants  or  animals,  with  which  the  expedition  hod  made 
the  travellers  familiar.  The  esteem  in  which  these  works  were 
held  procured  for  Martius  the  distinguished  bgnotir  of  being  elected 
a  member  of  the  French  Institute.  He  was  enrolled  in  nearly  all 
the  other  learned  bodies  in  Europe ;  be  was  appointed  an  Honorary 
Member  of  our  own  Society  in  tbe  year  1855. 

After  the  accession  of  Louis  I.  to  the  Bavarian  throne,  Martius 
was  Bppoint«d  Frofessar  of  Botany  in  the  University  of  Munich, 
and  subsequently  was  promoted  to  be  Chief  Conservator  of  tbe 
Botanic  Craiden. 

In  1823,  Martius  began  his  celebrated  Monograph  upon  Palms, 
which  was  completed  in  three  folio  volumes  in  1845.  It  is  con- 
sidered one  of  the  finest  monuments  of  modern  botany,  and  is  said 
to  contain  a  description  of  582  different  species  of  Palm,  while 
LinDtsus   had   only  given  15,  and   Humboldt  99.      It  was  to 
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this  work  that  his  friends  epecially  alluded  wheD,  iu  1864,  on 
the  jubilee  of  his  graduation  at  the  Academy,  a  medal  wae  etnick 
in  his  honour,  dedicated  "  Palharuu  Patki,"  with  the  motto  "  To 
Patjiis  Bbbukoeb  ;"  and  the  same  idea  was  followed  when,  fonr  years 
arterwards,  on  13th  December  1868,  his  bier  was  bedecked  with 
palm  leavee,  and  a  similar  motto  inscribed  on  his  tomb. 

The  last  great  work  in  which  Martius  was  engaged  is  the  "  Flora 
BrasilteuBis,"  which  was  continued,  from  time  to  time,  upon  a  scale 
worthy  of  the  subject,  and  at  his  death  had  reached  its  forty-sixth 
part.  It  ia  to  be  hoped  that  it  will  be  continued  in  the  same  spirit 
in  which  it  was  begun. 

Martins  was  a  most  popular  lecturer,  and  in  every  way  a  superior 
man.  His  general  intellectual  powers  were  very  great,  and  his 
readiness  to  communicate  his  knowledge  was  unfailing.  His 
hospitality  was  liberal,  and  his  best  recreation,  after  the  labours  of 
each  day,  was  the  reception  in  his  house  of  echotars,  travellers,  and 
men  of  science,  and  more  eppecially  of  young  inquirers  after  know- 
ledge, whose  projects  and  aspirations  he  delighted  to  encourage  and 
direct.  He  died  in  his  seventy-fifth  year;  but  I  regret  that  I  am 
unable  to  state  any  particulars  as  to  that  event,  or  his  last  illness. 

Among  those  members  whom  we  have  this  year  lost  by  death  is 
the  late  venerable  and  excellent  pastor  of  St  Stephen's  Church,  in 
this  city.  He  took  no  prominent  part  as  a  man  of  science,  but  he 
felt  an  interest  in  its  progress,  and  watched  its  rnpid  advance ;  and 
though  not  mixing  actively  in  the  proceedings  or  debates  of  this 
Society,  he  strongly  approved  of  its  objects  and  recognised  its 
benefits. ,  It  is  an  honour  in  have  such  men  enrolled  among  us, 
and  when  they  are  removed  in  the  course  of  nature,  they  should  not 
be  deprived  of  the  just  tribute  to  which  their  virtues  and  talents 
are  entitled. 

Dr  William  Muir  was  a  native  of  Glasgow,  the  son  of  a  Glasgow 
merchant.  He  was  a  distinguished  student  at  Glasgow  University, 
and  having  chosen  the  Church  for  his  profession,  he  was  ordained  in 
the  year  1612.  It  is  said  that  his  own  predilection  originally  was  for 
the  Church  of  England,  and  that  he  entered  the  Scotch  Church  in 
deference  to  his  father's  wish.  However  this  may  be,  the  choice 
then  mado  by  him  was  fully  ratified  by  his  ultimate  convictions- 
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He  was  first  assistant,  and  afterwards  miuister,  of  St  tieorge's, 
Glasgow,  and  was  about  the  year  1822  removed  to  the  New  Groy- 
friars'  Church,  Edinbuigh.  On  the  erection  of  the  parish  of  St 
Stephen's  in  1828,  be  was  appointed  to  that  charge,  which  he 
uuntinued  to  hold  till  his  death  ou  23d  June  last. 

Id  every  situation  in  which  Dr  Muix  was  placed  as  a  minister 
he  discharged  his  parochial  duties  in  the  most  exemplary  and  effi- 
cient manner;  in  particular  in  St  Stephen's  parish,  of  which  he 
was  the  pastor  for  forty  years,  not  only  his  ministrations  in  the 
pulpit,  but  his  diligence  in  personal  attention  to  his  dock,  his  care 
of  the  young,  his  kindness  to  tbe  sick  and  suffering,  and  his 
organiaatiun  for  the  promotion  of  education,  and  the  diffusion  of 
sound  Christian  faith  and  active  Christian  practice,  were  such  as 
to  call  forth  the  strongest  feelings  of  gratitude  and  admiration  in 
his  congregation  and  parishioners.  His  elders,  embracing  among 
them  some  of  the  most  eminent  and  respectable  of  our  citizens, 
concurred  in  looking  upon  his  pastoral  services  as  invaluable,  and 
omitted  no  opportunity  of  testifying  their  confidence  in  his  char- 
acter and  their  sense  of  his  worth.  Dooaments  have  been  placed 
in  my  hands,  by  some  of  their  number,  which  enable  me  to  make 
these  statements  with  a  perfect  conviction  that  they  are  in  do 
respect  exaggerated,  and  that  Vr  Muir  was,  in  all  his  parochial 
rdattoDS,  the  model  of  a  Christian  minister,  I  have  read  witli 
peculiar  interest  the  proceedings  of  his  congregation  in  1862,  when, 
on  occasion  of  his  completing  the  fiftieth  year  of  bis  ministry,  they 
placed  at  hie  disposal  tbe  fruits  of  a  liberal  subscription  among 
them,  but  which  he  declined  to  receive  personally,  and  insisted  on 
forming  into  a  sinking  fund,  of  which  tbe  proceeds  were  to  be 
annually  applied  to  pious  and  charitable  uses,  parochial  or  congre- 
gational. I  have  also  read,  with  a  perfect  persaasion  of  its  sincerity 
and  truth,  the  address  which  the  late  excellent  Dr  Huoter  delivered 
in  1864,  on  occasion  of  Dr  Uuii  being  compelled  to  withdraw  from 
active  duty  in  consequepce  of  a  failure  of  eye-sight,  with  which 
he  was  visited.  That  addrese  was  obviously  from  the  heart  of  tbe 
speaker,  as  it  must  have  gone  to  the  hearts  of  those  who  heard 
hiiD,  and  bears  unequivocal  testimony  to  the  high  character  of  the 
man  who  was  the  subject  of  it. 

This  is  not  the  place  to  speak  of  Dr  Muir's  career  or  opinions, 
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either  on  religious  or  on  eccleBiaatical  questioaa.  I  may  ventuie, 
hovever,  to  make  oue  or  two  obseTvations  in  connectioa  with  these 
matters. 

1.  Dr  Unir,  from  an  early  period  of  his  miDistrations,  came  to 
occupy  a  somewhat  peculiar  position  as  a  minister.  He  beloDged 
lo  what  was  called  tbe  Moderate  party  in  tlie  Church,  having  do 
sympathy  with  the  strong  views  either  of  popular  rights  or  of 
spiritual  independence,  which  characterised  the  High  Church  Pres- 
byterians. But  the  Moderate  party  had  also  the  reputation,  whether 
well  or  ill  founded,  of  being  rather  too  moderate  in  their  doctrinal 
views;  and,  in  this  respect,  Dr  Muir's  opinions  and  style  of 
preaching  were  more  decidedly  and  prominently  evangelical,  as  it 
was  called,  than  was  generally  the  case  with  his  political  friends. 

2.  Dr  Muir's  opinions  were  always  listened  to  in  the  Church 
Courts  with  respect  and  deference;  but  he  was  not  altogether 
adapted  to  the  position  of  a  party  leader,  which,  in  other  respects, 
be  might  have  well  attained.  He  bad  a  fault,  or  what  will  be  con- 
sidered such  by  some  men ;  but  it  was  that  fault  which  a  delightful 
poet  has  ascribed  to  the  greatest  man  of  his  own  age — he  was 

"  Too  fond  of  the  right  to  purane  the  txpedietU." 

It  has  been  well  observed  to  me,  by  one  who  knew  him  well, 
that  it  is  a  rare  thing,  and  anything  but  a  disparagement,  when 
all  that  can  be  said  against  a  man  is,  that  be  followed  conscience 
exclusively,  and  valued  integrity  and  independence  too  high  for 
any  price  to  tempt  him  even  to  the  semblance  of  a  surrender. 

Perhaps  hia  most  marked  characteristic  was  this  high-minded 
cotiscientiousness  of  disposition.  His  habit  of  making  conscience 
of  everything  made  him  appear  stiff  and  unbending  to  those  from 
whom  he  differed  in  opinion,  and  many  may  think  that  he  took 
the  alarm  too  soon  and  too  sensitively  when  he  thought  that  even 
the  outworks  of  principle  were  in  danger.  His  steadfastness  cer- 
tainly to  <)rhat  he  held  the  truth  never  quailed;  his  independence 
was  unshaken  by  what  to  others  might  even  seem  legitimate  feel- 
ings. His  superiority  to  all  selfish  motives  bad  in  it  the  essence 
of  chivalry.  Though  to  strangers  bis  manner  was  reserved,  those 
who  had  the  privilege  of  familiar  intercourse  with  him  knew  that 
beneath  the  surface  there  lay  a  native  geniality  of  temper  which 
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could  bie&k  forth  and  sparkle  into  ita  natural  gleams,  and  a  heart 
as  warm  as  ever  beat  ia  humao  bosom. 

Dr  Uuir  was  an  accomplished  scholar,  and  all  along  keptbiioeelf 
abreast  of  the  liteiatare  and  science  of  the  da;.  He  was  well  read 
in  the  olaBsics,  aod  bad  a  mune  than  usual  acquaintance  with  the 
literature  of  his  own  profession.  Suffering  for  a  year  oi  two  before 
his  death  under  nearly  total  blindness,  he  had  a  reader  always  with 
him,  to  read  to  him  bis  favourite  authors,  not  in  Bnglish  merelyi 
bat  in  Latin  and  Glieek,  and  even  Hebrew. 

Dr  Fbkdieuoe  Pinniv,  Professor  of  Ghemistry  in  Anderson's 
Institution,  Glasgow,  was  born  in  London  in  1817.  He  was 
brought  up  as  a  professional  ohemist,  having  early  shown  a  predi- 
lection for  that  branch  of  science.  He  studied  nnder  Ur  Hennel  of 
London;  uid  it  has  been  stated  that  he  was  present  when  his 
instmctOT  was  killed,  while  conducting  some  experiments,  by  on 
explosion  of  fulminating  powder.  Dr  Penney  recommended  him- 
self very  early  by  important  experiments  and  communications  on 
chemical  subjects ;  and  in  1839,  while  only  tweuty-two  years  of 
age,  when  the  Chair  of  Chemistry,  which  he  ultimately  held, 
became  vacant,  he  was  recommended  for  the  office  by  the  late 
Professor  Grrabam,  and  unanimously  appointed  by  the  patrons.  Dr 
Penney  was  a  man  of  great  talent,  qnickness,  and  intelligence,  and 
an  excellent  chemist,  both  theoretical  and  practical.  As  a  chemical 
analyst,  he  enjoyed  a  high  reputation  for  his  fidelity  and  accuracy, 
and,  I  should  suppose,  must  have  derived  a  considerable  income 
from  that  source.  In  one  department,  that  of  a  scientific  witnras, 
I  can  bear  personal  testimony  to  his  ability  and  excellence.  His 
evidence  in  the  witness-box  was  always  clear,  ready,  explicit,  and 
consistent;  and  he  bad  one  qualification  essential  to  every  good 
Bcientifio  witness,  but  which  is  certainly  not  possessed  by  all  who 
place  themselves  in  that  position, — he  underwent  the  operation  of 
cross-examination  with  perfect  composure  and  good  temper,  and 
showed  himself  as  ready  to  speak  to  any  fact  that  seemed  to  bear 
against  the  side  adducing  him  as  he  bad  been  to  give  evidence 
in  its  favoui.  This  demeanour,  which  every  scientific  witness 
should  at  least  assume,  made  bis  testimony  very  influential  and 
valuable.     In  bis  private  relations,  Dr  Penney  appears  to  have 
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been  an  amiable  and  agreeable  man,  with  stroDg  feeliogs  of  affec- 
tion to  hie  friends,  and  much  kindly  coDsideration  for  the  feelings 
of  otheiB.  He  was  well  infonned  and  highly  accompliehed.  He 
was  fond  of  travelling  when  he  coald  command  a  holiday,  and 
his  aktll  as  an  amateur  artist  enabled  him  the  better  to  enjoy  and 
perpetuate  the  beauties  of  the  scenery  which  he  visited. 

Hie  frame  was  never  robust,  and  for  some  time  past  be  suffered 
from  a  complication  of  ailments,  which  terminated  hie  life  on  the 
2d  Bfovember  1869,  at  the  i^  of  fifty-two. 

His  funeral  was  attended  by  many  scientific  friends  and  respect- 
able citizens  of  G-lasgow,  as  well  as  by  the  chief  office-bearers  of 
Anderson's  Institntion,  and  the  students  of  that  seminary  joined 
the  procession  and  proceeded  with  it  to  the  burying-gronnd. 

Dr  WiLLiAU  Seller,  an  eminent  member  of  the  medical  pro- 
fession, and  long  an  esteemed  Fellow  of  this  Society,  was  bom 
in  Peterhead,  Aberdeenshire,  in  1798,  the  sou  of  a  respectable 
merchant,  who  died  while  his  family  were  children,  leaving  them 
under  the  charge  of  a  widow,  who  was  herself  still  young,  and 
who  found  that,  in  consequence  of  losses  arising  from  misplaced 
confidence  in  others,  she  must  depend  on  her  own  exertions 
for  the  family's  support.  She  came  to  Edinburgh  as  a  better 
field,  both  for  earning  a  livelihood  and  educating  her  children,  and 
here  her  son  WiUiam  bad  the  advantage  of  the  excellent  educa- 
tion which  the  High  School  and  the  University  afforded.  He  was 
distinguished  at  both  of  these  seminaries,  and  latterly  was  enabled 
to  assist  his  mother  by  his  creditable  exertions  in  private  tuition. 

He  became  at  the  University  a  member  of  the  Dialectic  Society, 
where  he  formed  many  pleasing  and  permanent  friendships  with 
several  of  bis  contemporaries,  including,  among  others.  Lord  Beas, 
Dr  Aitken,  for  many  years  the  Minister  of  Minto,  and  Dr  Gumming, 
Government  Inspector  of  Free  Churob  schools.  With  these  gentle- 
men be  maintained  a  life-long  friendship,  as  well  as  with  many  of 
those  whom  he  bad  attended  as  private  tutor,  and  who  had  learned 
to  respect  bis  learning  and  his  virtues.  Ultimately  he  made  choice 
of  medicine  as  his  profession,  and  took  the  degree  of  M.D.  in  August 
1821. 

Prudential  considerations  led  him  soon  afterwards  to  make  bis 
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knowledge  and  abilities  available  Id  a  form  which  geDerall;  hringB 
to  those  who  adopt  it  less  honotic  than  its  uBefalnesB  and  its  in- 
tiinaio  merit  truly  deaerre.  He  opened  a  house  for  the  reception 
of  medical  students  ae  boarders  during  the  College  seBBion,  and 
instituted  classes  for  piepaiing  such  students  for  their  examina- 
tion. It  is  not  imposBible  that  the  department  thus  cboseQ  hy  him 
formed  some  impediment  to  bis  sncoess  as  a  medical  practitioner; 
bnt  no  one  who  knew  Dr  Seller,  or  watched  his  conduct,  could  fail 
to  see,  both  in  bis  choice  and  in  the  manner  in  which  he  followed 
it  out,  proofs  of  his  manly  independence,  and  of  his  earnest  desire 
to  promote  medical  science  and  maintain  the  dignity  of  his  pro- 
fession. His  lectures  and  lessons,  we  believe,  were  admirably 
adapted  for  that  purpose,  delivered  in  the  most  kindly  and  con- 
ciliatory tone,  and  skilfully  framed  to  lead  bis  pupils  by  easy 
gradients  to  the  most  commanding  views  of  medical  knowledge. 
His  general  learning  and  accomplishments  were  at  the  same  time 
suited  in  an  eminent  degree  to  illustrate  and  adorn  medical 
studies.  He  was  an  excellent  classical  scholar ;  he  was  profoundly 
acquainted  with  the  intellectual  and  moral  sciences,  for  which  he 
had  early  shown  a  strong  predilection ;  and  he  was  a  proficient  in 
those  physical  sciences  which  were  most  closely  connected  with  his 
own  professional  subjects.  The  extent  and  accuracy  of  his  infor- 
mation were  only  equalled  by  his  readiness  in  conununicatlog  it 
and  his  modest  estimate  of  his  own  acquirements. 

His  last  book,  which  he  published  in  conjunction  with  Mr  Henry 
Stephens,  on  "  Physiology  at  the  Farm,"  will  iUustrate  at  once,  to 
those  who  ate  capable  of  appreciating  it,  the  extent  and  variety  of 
his  scientiSo  knowledge,  and  some  defects  at  the  same  time  which 
attended  his  mode  of  conveying  instruction  in  this  form. 

In  that  volume  there  is  a  marvellous  exposition  of  all  the  moat 
important  facts  and  principles  connected  with  the  subject  of  animal 
growth  and  nutrition,  particularly  as  applicable  to  the  rearing  and 
feeding  of  stock;  and  the  ground  there  travelled  over  in  physiology, 
anatomy,  cliemistry,  and  botany  is  so  extensive,  that  no  one  who 
wag  not  thoroughly  master  of  all  these  subjects  could  do  them  the 
justice  which  has  there  been  dealt  to  them.  The  only  fault  in  his 
dissertations  is  that  they  are  too  profound,  and  that  it  may  be 
necessary  to  find  an  interpreter  to  stand  between  the  man  of  science 
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and  the  practical  farmer.  From  this  fonntain,  howeTSTj  all  in- 
atnictois  desirons  of  communicatiiig  to  those  concerned  a  familial 
and  availahle  view  of  the  truth  on  these  subjecte  will  be  able  to 
draw  the  most  important  and  reliable  materials.  In  tbe  prepara- 
tion of  tbis  book,  Mr  Stephens,  in  a  pleasing  letter  addressed  to 
me,  bears  testimony  to  the  assiduity,  readiness,  and  disinterested 
zeal  of  Sr  Seller,  who  declined  all  remuneration  for  his  labours, 
thoagb  offered  from  a  bigh  quarter,  and  was  with  difScnlty  per- 
suaded to  let  his  own  name  stand  first  on  the  title-page  before 
tbat  of  bis  ezccUent  associate,  who  in  the  scientific  department  of 
tbe  book  felt  how  great  a  claim  Dr  Seller  bad  to  the  commenda- 
tions due  to  the  work, 

I  am  not  personally  acquainted  with  his  other  productions,  and 
should  be  ill  qualified  to  form  an  estimate  of  their  worth ;  but  a  fiill 
account  of  these  will  be  found  in  the  notice  of  Dr  Seller  contained 
in  tbe  "  Edinburgh  Medical  Journal "  for  May  1S69.  That  memoir 
is,  I  believe,  from  the  pen  of  Dr  Alexander  Wood,  who  was  on 
the  most  intimate  terms  with  him,  and  who  has  shown  his  ability 
both  to  appreciate  and  to  record  the  talents  and  virtnes  of  bis  friend. 

MentioD  is  there  made  of  the  great  merit  of  the  lectures  on  Mental 
Diseases  vhich  be  annually  delivered,  under  the  Morrison  Endow- 
ment, in  tbe  College  of  Physicians.  "We  have  called  them 
wonderful,"  Dr  Wood  says ;  "  they  were  truly  so,  whether  we  have 
respect  to  the  learning  they  displayed,  to  the  acuteness  and 
originality  of  tbe  views  which  they  enforced,  or  to  the  power  of 
mental  analysis  which  tbey  exhibited.  But,"  he  adds,  "  if  ever 
published,  tbey  will  require  some  gifted  and  loving  band  to 
popularise  the  style,  and  let  the  whole  matter  down  to  the  oompre- 
bension  of  the  busy  workers  of  our  every-day  world." 

Tbe  same  memoir  contains  a  full  account  of  the  professional 
honours  which  be  attained.  Among  the  most  distinguished  of 
these  was  his  appointment  as  President  of  tbe  Boyal  College  of 
Physicians  from  1646  to  1850.  He  was  also  the  librarian  of  that 
College  and  a  connoiUor  for  twenty  years.  A  few  years  ago  they 
did  faim  the  honour  to  request  him  to  sit  for  bis  portrait,  to  be  hung 
in  the  new  hall,  and  the  picture  thus  painted  was  among  the  last 
works  of  tbe  late  Sir  John  Watson  Gordon.  Dr  Wood  thus  speaks 
of  bis  personal  character  with  equal  kindness  Mid  truth : — 
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"  Hie  moral  qnalities  reached  almost  higher  than  bie  inteUectDat, 
and  wflid  the  secret  of  the  influenee  he  poseeaaed,  and  of  the  affec- 
tion with  which  he  was  regarded.  His  coniteey  of  manner  and 
delicacy  of  feeling  marked  him  ae  a  true  gentleman  in  all  that  he 
did.  In  him  sterling  integrity,  firmness  of  principle,  unenerving 
rectitude,  and  thorough  persnasion  in  his  own  mind,  were  combined 
with  a  breadth  of  view,  and  a  tolerance  for  the  opinions,  ay,  even 
for  the  weakneesee,  of  others,  as  pleasing  aa  it  is  rare.  Quilelesa  as 
a  child,  he  was  yet  eagacions  beyond  most  men ;  while  the  delicate 
snsceptibilities  of  his  kind  heart  prevented  him  from  saying  or 
doing  anything  that  could  by  possibility  vonnd  the  feelings  of 
another." 

In  society  Dr  Seller's  manners  were  most  genial  and  agreeable, 
and  he  had  the  power  of  attaching  to  himself  all  who  made  bis 
acquaintance.  Mr  Step  hens,  his  "collaboratenr"  in  the  "Physiology 
of  the  Farm,"  and  who  came  to  know  him  only  through  their  union 
in  that  work,  writes  to  me  of  him — "  I  never  made  bo  dear  a  friend 
on  HO  short  a  notice." 

Until  about  the  year  1865  Dr  Seller  enjoyed  a  fair  amount  of 
good  health,  and  retained  his  active  habits;  but  shortly  after  that 
time  his  congtitation  gave  way;  and  when,  after  some  interval,  he 
sought  medical  advice,  a  complication  of  disorders  was  discovered 
to  exist,  including  disease  of  the  heart. 

Under  the  care  of  Mr  Arohibald  W.  Dickson,  assisted  by 
other  eminent  medical  friends,  the  worst  symptoms  were  kept  in 
check  for  a  time,  but  at  last  resisted  the  remedies  applied  to  them, 
and  made  it  apparent  that  his  end  was  approaching.  He  bore  the 
sufferings  incident  to  bis  illness  with  the  fortitude  of  a  philosopher 
and  the  resignation  of  a  Christian.  He  discussed  with  his  medical 
attendants  every  symptom  of  his  malady,  and  its  probable  termina- 
tion, with  the  same  calmness  as  if  the  patient  had  been  a  stranger. 
He  retained  his  conrtesy  and  kindness  to  all  around  him  to  the 
very  last.  His  death  occurred  on  the  11th  April  1869,  at  the  age 
of  seventy-one.  The  great  respect  with  which  he  was  regarded  was 
shown  by  the  number  of  those  who,  unbidden,  were  present  at  his 
funeral.  Ihe  College  of  Fhysicians,  who  had  long  considered  him 
an  honour  to  their  body,  attended  in  their  official  robes,  preceding 
the  coffin  to  the  grave,  and  surrounding  it  while  the  last  rites  were 
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performed.  It  will  be  long  before  we  see  supplied  the  place  of 
one  who  had  bo  many  high  Bttainments  and  so  ami&ble  a  character 
— so  many  solid  and  bo  many  agreeable  qualities. 

Jjusa  Wakdrop,  odo  of  oni  oldest  membets,  and  long  known  as 
a  very  eminent  surgeon,  was  born,  in  Augast  1782,  at  Torbanehill, 
a  small  property  which  had  been  long  in  his  family,  and  which  has 
since  earned  a  marked  reputation  in  a  mineral  and  chemical  as  well 
as  a  forensic  point  of  view.  He  commenced  the  study  of  medicine 
nnderthe  care  of  his  uncle,  Dr  Andrew  Wardiop,  an  eminent  surgeon 
in  Edinburgh.  He  became  assistant  to  Dr  Barclay,  the  celebrated 
anatomist,  and  was  for  some  time  house-surgeon  in  the  Boyal  Infir- 
mary here.  He  afterwards  went  to  London,  to  prosecute  his  studies 
in  the  lecture-rooms  andhospitals  of  the  metropolis;  and  afterwards 
passed  over  to  Farts,  though  by  this  time  the  peace  of  Amiens  had 
been  broken  ofi',  and  war  had  recommenced  between  France  and 
England.  Had  he  been  known  as  an  Englishman,  he  would  have 
been  detained  as  a  prisoner;  but  he  contrived  to  elude  the  vigil- 
ance of  the  police  whilst  he  remained  in  Paris,  and  ultimately  suc- 
ceeded in  efi'ecting  bis  transit  from  Fiance  into  Germany.  He 
attended  various  lectures  at  Vienna,  and  had  there  his  attention 
Bpeciaily  directed  to  the  diseases  of  the  eye,  for  the  treatment  of 
which  he  afterwards  attained  so  high  a  reputation.  On  returning 
to  Edinburgh,  he  commenced  the  practice  of  bis  profession,  and 
very  soon  selected  surgery  as  bis  department.  After  practising 
here  for  four  or  five  years,  HrWardrop  left  Edinburgh,  and  settled 
in  London  as  a  surgeon.  Instead  of  attending,  however,  the  public 
hospitals  there  established,  he  preferred  to  institute  a  surgical 
hospital  of  bia  own,  the  wards  of  which  were  thrown  open  to  the 
profession  gratuitonely,  and  where  he  had  a  weekly  concourse  of 
visitors,  when  medical  topios  were  made  the  subject  of  conversation. 
This  hospital  he  continued  to  superintend  for  about  eight  years, 
when  he  found  the  labour  that  it  involved  was  more  tbaa  he  could 
undertake  consistently  with  his  other  avocations.  In  this  manuei, 
and  from  surgical  lectures  which  he  delivered  in  London,  Ur 
Wardrop's  reputation  became  well  estahlished.  In  1818,  he  was 
appointed  Surgeon  Extraordinary  to  the  Prince  Regent ;  and  when 
the  Prince,  after  his  acoraeion  to  the  throne,  visited  Scotland,  Mr 
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Wardrop  attended  bim.  He  is  UDderstood  to  have  been  a  great 
favourite  with  the  king;  but,  towards  tbe  last  days  of  tbatmonarcb, 
a  misunderstaadiiig  at  Conrt  arose  which  excluded  Mi  Wardrop 
from  attendance,  io  cooBequence,  it  was  tbongbt,  of  his  having 
complied  too  frankly  with  the  king's  urgent  inquiry  as  to  the 
nature  and  probable  termination  of  his  disease.  There  can  be  no 
doubt  that  Wardrop  was  right  in  the  opinion  he  formed,  though 
whether  tbe  communication  be  made  was  consiatent  with  the  rules 
of  courtly  etiquette  is  not  easy  to  determine.  It  is,  however,  be- 
lieved that,  from  some  of  those  who  had  been  instrumental  in 
excluding  him  from  the  royal  deatb-bed,  Mr  Wardrop  ultimately 
received  an  ample  apology.  Mr  Wardrop,  though  an  excellent 
anrgeon  in  all  respects,  soon  showed  a  special  familiarity  with 
ophthalmic  surgery,  and  attained  tbe  highest  reputation  in  that 
department,  both  by  his  writings  and  bis  practice.  In  1813,  Sir 
Wardrop  published  the  well-known  case  of  James  Mitchell,  tbe  boy 
born  blind  and  deaf,  who,  I  believe,  only  died  in  the  present  year. 
The  case  excited  a  great  deal  of  interest  both  among  metaphyaiciana 
and  physiologists.  Mr  Wardrop's  account  of  it  is  extremely  in- 
teresting and  curious.  He  bad  partially  succeeded  in  admitting 
light  to  tbe  boy's  eye  by  operating  for  cataract,  and  the  sight  was 
thereby  improved,  so  as  to  afford  the  patient  the  delight  that 
colours  could  convey,  and  which  be  keenly  enjoyed,  though  his 
vision  still  remained  too  imperfect  to  become  a  source  by  which 
practical  information  of  external  objects  could  he  introduced.  Mr 
Wardrop  was  a  man  of  very  varied  tastes  and  talents.  He  bad  a 
great  love  and  appreciation  of  art.  He  was  very  fond  of  horses, 
and  frequented  the  bnnting-field  till  a  comparatively  late  age; 
and  it  was  with  great  satisfaction  that  he  wrote  his  essay  on 
the  diseases  of  tbe  eye  of  that  animal,  which  obtained  a  prize  from 
the  Board  of  Agriculture.  It  has  been  said  that  be  operated  with 
success  on  several  valuable  race-borees  and  hunters  by  couching 
them  for  cataract,  to  the  great  gratification  of  tbeir  owners;  but 
whether  the  animuls  when  so  treated  required  a  pair  of  spectacles 
or  an  artificial  lens  to  supply  the  place  of  the  extirpated  humour,  I 
am  unable  to  tell. 

I  shall  not  here  attempt  any  account  of  Mr  Wardrop's  works, 
which  must  be  well  known  to  medictti  men,  who  are  most  likely  to 
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feel  an  interest  in  the  subject.  An  eDumeratioD  of  them  is  given 
in  Fettigrew'B  "  Medical  Portrait  Oallery,"  where  also  the  inci- 
denta  of  hia  life  are  fully  nturated.  I  believe  that  he  enjoyed  a 
peacefal  and  cheerful  old  age,  and  attained  bis  eighty-eeTentfa  year, 
witliout  much  suffering.  I  have  heard  that  ha  latterly  diacontinued 
the  use  of  wine,  and  attributed  to  that  circumstance  mainly  his 
continued  enjoyment  of  health.  He  bad  always  been  a  temperate 
man,  his  favourite  beverage  being  tea.  Not  very  long  before  fais 
death  he  bad  the  misfortune  to  lose  bis  wife,  who  also  attained  a 
great  age,  and  latterly  his  eyesight  failed  him  completely.  This 
he  felt  as  a  great  privation,  but  he  bore  it  with  patience,  and 
never  mnrmured.  He  sank  into  a  state  cf  great  weakness,  which 
gradually  led  to  his  death  without  any  struggle.  He  was  much 
loved  and  respected  by  all  who  knew  him,  and  his  reputation  as 
a  good  man  and  as  an  excellent  anrgeon,  and  especially  as  a  dis- 
tinguished and  scientific  oculist,  onght  not  soon  to  be  forgotten  in 
I  lis  profession. 

It  is  said  that  he  has  left  behind  him  a  manuscript  record  of  his 
recollections,  which,  if  published,  would  in  all  probability,  coming 
from  a  man  of  his  ability,  observation,  humour,  and  experience,  be 
highly  interesting,  not  only  to  the  profession,  hut  to  the  public. 

The  following  statement  respecting  the  Members  of  the  Society 
was  read  by  the  Chairman  : — 
I,  Honorary  Fellows — 

Boyal  Personage, 1 

British  subjectB, 19 

Foreign 33 

Total  Honorary  Fellows, 53 

II.  Hon-Beeident  Member  under  the  Old  Laws,  1 

III.  Ordinary  Fellows  ; — 

Ordinary  Fellows  at  November  I8G3,  ...  269 
Sew  FdU)W»,  1868-69.  — Robert  Henij  Bow,  Alexander 
Buchou,  Bev.  H.  Culderwood,  Jamea  Dewar,  Professor  A. 
Dickson,  William  Dickson,  Qeorge  Elder,  Principal  Sir 
Alexander  Grant,  Bart,  Sir  Choriea  Hartley,  laaac  Ander- 
son-Henry, Alexiinder  Howe,  ProfeMor  FieeminjE  Jenkin,    

Curry  foru'ord,  2fl9 
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Brought  forward, 
Dc  John  W.  JohuBtou,  Mtuuice  Lothian,  DKvid  Mac- 
Gibbon,  Dr  R.  Grtug  Maclagan,  Dt  W.  C.  M'Totoafa,  John 
Maclaien,  Dr  Henry  MiushaU,  0.  O.  Miller,  John  Pender, 
Ber.  T.  M.  Karen,  Dr  W.  Rutherford,  J.  L.  Douglas 
Stewart,  Viscount  Walden,  Capt.  T.  P.  White, 


Deduel  DeceateiL—DT  Begbie,  William  Brand,  Dr  Dalzell, 
Profeasor  Djce,  Prindpal  Forbes,  B«t.  Dr  Muir,  Dr 
Penney,  Dr  Seller,  Jamea  Wardrop,       ...  9 

Jamea  Anatruther  (formerly  noticed),    ...  1 

Retiqned.—T)T  A.  E.  Mackay,  Bishop  Morell,  .        .  2 


Total  Number  of  Ordinaiy  Fellows  at  November  11 
Add  Honorary  and  Non-Besident  Fellows, 


Monday,  20(A  December  1869. 

pROFKseoB  KELLAND,  Vice-PreBident,  in  the  Chair. 

Tbe  Keith  Prize  for  tbe  Biennial  Period  eoding  May  1869, 
having  been  awarded  by  the  Council  to  ProfeBsor  P.  G.  Tait,  for 
Ihb  paper  "on  tlie  Botation  of  a  Bigid  Body  about  a  fixed  point," 
which  has  been  published  in  tbe  Transactions,  the  Medal  was 
delivered  to  him  b;  the  President  at  tbe  commencement  of  the 
Meeting. 

The  following  CommunicatioDS  were  read : — 

1.  On  the  Geological  Structure  of  some  Alpine  Lake-Basing. 
By  Archibald  Geikie,  Esq.,  F.R.S. 

In  this  paper  the  author  reviewed  the  arguments  by  which  the 
geologists  of  Switzerland  endeavour  to  prove  that  the  so-called 
"orographic"  takes  are  essential  parts  of  the  architecture  of  tbe 
Alps.  He  showed  fruoi  detailed  sections  of  one  or  two  lakes,  parti- 
cularly of  the  Lake  of  the  Four  Cantons,  that  the  amount  of  denuda^ 
tioD,  which  the  surrounding  rocks  bad  sufTered,  demonstrated  that 
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the  lakes  must  be  greatly  younger  than  the  plication  of  the  slrafa 
of  the  Alpine ohain;tIiBt  from  the  kDown  effects  of  subaerioldenn- 
datoni,  the  lakes  must  bo,  in  a  geological  sense,  quite  modern  ;  and 
that  the  Alpine  lakes  possessed  no  distinctive  features  which  en- 
titled tbem  to  be  considered  apart  from  the  numerous  lakes  which 
ore  scattered  over  northern  Europe  and  America.  He  regarded  the 
enormous  development  of  lakes  at  the  present  peiiod  in  northern 
latitudes  as  a  fact  which  could  not  be  explained  by  reference  to 
subterranean  movements.  Sach  movements  must  have  taken  place 
in  a  late  geological  period,  otherwise  the  lakes  would  have  been 
filled  up  with  sediment,  as  is  going  on  every  day.  He  could  not 
bnt  think  that  tlie  formation  of  euch  loke-bosins  was  connected  in 
some  way  with  the  action  of  the  denuding  forces,  and  he  believed 
that  the  theory  proposed  by  Professor  Ramsay — that  the  rock- 
baains  bad  been  hollowed  out  by  the  ice  of  the  glacial  period — ful- 
filled all  the  geological  conditions  of  the  problem, '  and  would 
eventually  come  to  be  accepted  even  by  the  geologists  of  Switzer- 
land. 

2.  Preliniinary  Notice  of  the  Great  Fin  Wiiale,  recently 
Btraaded  at  Longuiddry.    By  Professor  Turner. 

This  communication  woe  preliminary  to  a  more  extended  memoir 
whichtbeautborhopestolay  before  the  Society  during  the  Session. 

The  colour,  general  form,  and  dimensions  of  the  animal,  were 
taken  when  the  wbale  was  lying  on  the  shore  at  Longniddry.  The 
observations  on  its  internal  structure  were  made  whilst  it  was 
undergoing  the  operation  of  flensing  at  Kirkcaldy,  or  on  specimens 
which  were  brought  over  to  the  Anatomical  Museum  of  the  Uni- 
versity. These  specimens  it  was  his  intention  to  preserve  in  the 
Museum.  In  conducting  the  examination  he  bad  been  ably  and 
willingly  seconded  by  the  thoroughly  cordial  and  enthusiastic 
co-operation  of  his  assistant  Mr  Stirling,  and  his  pnpils  Mr  Millen 
Coughtrey,  and  Mr  James  Foulie. 

Most  of  the  Fin  Whales  which  had  been  subjected  t«  examina- 
tion by  British  and  Continental  anatomists  had  been  fond  floating 
dead  on  the  surface  of  the  sea,  and  had  then  beep  towed  ashore ; 
but  the  Longniddry  whale  had  got  entangled,  wbHet  living,  amongst 
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the  rocks  and  ahoals,  where  it  was  left  as  the  tide  receded.  The 
length  of  the  aDimal,  measured  from  the  tip  of  the  lower  jaw  to 
the  eDd  of  the  tail,  78  feet  9  inches.  The  girth  of  the  body  imme- 
diately behind  the  flipper  was  45  feet.  Its  girth  in  line  with  the 
anal  orifice  was  28  feet,  whiUt  around  the  root  of  the  tail  it  was 
only  7  feet  6  inchee.  The  inner  surface  of  the  lower  jaw,  close  to 
its  upper  and  outer  border,  was  concave,  and  eloped  inwards  so  as 
to  admit  the  edge  of  the  upper  jaw  within  it.  The  lower  jav 
projected  at  the  tip  1^  foot  beyond  the  upper.  The  length  from 
the  angle  of  the  month  to  the  tip  of  the  lower  jaw,  along  the 
upper  curved  border,  was  21  feet  8  inches.  The  dorsum  of  the 
upper  jaw  was  not  arched  in  the  aniero-posterior  direction.  It 
sloped  gently  upwards  and  haclLwards  to  the  blow  boleB,  from 
which  a  low  but  readily  recognised  median  ridge  passed  forwards 
on  the  beak,  gradually  subsiding  some  distance  behind  its  tip. 
On  each  side  of  this  lidge  was  a  shallow  concavity.  Immediately 
in  front  of  the  blow  holes  the  ridge  bifuioated,  and  the  forks  passed 
backwards,  enclosing  the  noslrils,  and  then  subsided.  The  outer 
borders  of  the  upper  jaw  were  not  etraigbt,  but  extended  forward 
from  the  angle  of  the  month  for  some  distance  in  a  gentle  curve, 
and  then  rapidly  converging  in  front,  formed  a  somewhat  pointed 
tip.  Their  rounded  palatal  edge  fitted  within  the  arch  of  the 
lower  jaw.  The  transverse  diameter  of  the  upper  jaw  over  its 
dorsum,  between  the  angles  of  the  mouth,  was  13  feet  3  inches. 
From  the  blow  holes  the  outline  of  the  back,  curved  upwards  and 
backwards,  was  nniformly  smooth  and  rounded,  and  for  a  ooosider- 
able  distance  presented  no  dorsal  mesial  ridge.  From  the  tip  of 
the  lower  jaw  to  the  anterior  border  of  the  dorsal  fin  the  measure- 
ment was  59  feet  'i  inches.  This  fin  had  a  falcate  posterior  border. 
Behind  the  dorsal  Gn  the  sides  of  the  animal  sloped  rapidly  down- 
wards to  the  ventral  surface,  so  that  the  dorsal  and  ventral  mesial 
^  lines  were  clearly  marked,  and  the  sides  tapered  oflf  to  the  tail. 
The  ventral  surface  of  the  throat,  and  the  sides  and  ventral  surface 
of  the  chest  and  belly,  were  marked  by  numerous  longitudinal 
ridges  and  furrows.  When  he  finit  saw  the  animal,  the  furrows 
separating  the  ridges  were  not  more  than  from  ^  to  }  inch  broad, 
whilst  the  ri  '^.^m  themselves  were  in  many  places  4  inches  in 
breadth,  but  as  the  body  begnn  to  swell  by  the  formation  of  gas 
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from  decompoflition,  the  furrowB  were  opened  up,  became  wiUor 
and  ehallower,  and  the  ridges  underwent  a  correflpooding  diminu- 
tion in  breadth.  At  the  same  time  a  conaideiable  change  took 
place  in  the  contour  of  the  body  in  the  thoracic  and  abdominal 
regione,  which  presented  a  huge  lateral  bulging,  giving  a  greater 
girth  than  when  it  first  came  aebore. 

The  flipper,  which  measured  12  feet  3  inchefi  from  root  to  tip 
along  its  anterior  convex  border,  projected  from  the  side  of  the 
body  31  feet  4  inches  behiud  the  lip  of  the  lower  jaw,  and  14  feet 
behind  the  angle  of  the  mouth.  It  carved  outwards  and  back- 
wards, terminating  in  a  free  pointed  end.  The  distance  between 
the  two  flippers,  measured  over  the  back  between  the  anterior 
iroiders  of  their  roots,  was  18  feet  6  inches. 

On  the  dorsum  of  the  beak  and  of  the  cranium,  on  the  back  of 
the  body,  and  for  some  distance  down  its  siiles,  the  coloiur  was 
dark  steel  grey,  amonnting  in  some  lights  almost  to  black.  On  a 
line  with  the  pectoral  flipper  the  sides  were  mottled  with  white, 
and  on  the  ventral  surface  irregular,  and  in  some  cases  large  patches 
of  a  silvery  grey  or  whitish  colour  were  seen.  An  experienced 
whaling  seaman,  I^r  Walter  Boddam,  who  Lad  repeatedly  seen 
this  kind  of  whale  in  the  northern  seas,  told  him  that  it  was  known 
to  the  whalers  by  the  name  of  "silver  bottom."  TJie  dorsal  fin 
was  sfeel  grey  or  black,  except  near  its  posterior  border,  where  it 
was  a  shade  lighter  and  streaked  with  black  lines.  The  anterior 
maigin  of  the  lobes  of  the  tail,  its  upper  surface  near  the  root  and 
for  the  anterior  two-thirds,  were  black,  whilst  the  posterior  third  of 
the  same  surface  and  the  interlobular  notch  were  lighter  in  tint. 
The  upper  surface  of  the  flipper  was  steel  grey,  mottled  with  white 
at  the  root,  at  the  tip,  along  its  posterior  or  internal  border,  and  on 
the  under  surface ;  white  patches  were  seen  on  the  upper  surface 
near  the  tip,  and  here  they  were  streaked  with  black  lines  running 
in  the  long  axis  of  the  flipper.  White  patches  also  extended  from  , 
the  root  of  the  flipper  to  the  adjacent  parts  of  Ihe  sides  of  thi 
animal.  The  outside  of  the  lower  jaw  was  black,  whilst  the  in- 
side was  streaked  with  grey.  The  tongue  of  the  wbalct*  ^as  of 
enormous  size.  The  dorsum  was  comparatively  sraootli  in  front, 
but  at  the  posterior  part  it  was  elevated  into  hillocks  which  were 
separated  by  deep  furrows.     The  baleen  had  a  deep  black  colour, 
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and  consisted  od  eaob  aide  of  ptntea  which  projected  fn>m  the 
palate  into  the  cavity  of  the  mouth.  The  platee  were  arranged  in 
rowB — 370  were  counted  on  each  Bide  —  which  lay  somewhat 
obliquely  across  the  palate,  extending  from  near  the  base  of  the 
great  mesial  palatal  ridge  to  the  outer  edge  of  the  palate.  The 
plates  diminished  in  size  so  much,  that  at  the  tip,  where  the  two 
sets  of  baleen  became  continuous,  they  were  merely  Btiff  briBtles- 
The  blubber  varied  much  in  tbickneee.  Mr  Tait,  by  whom  the 
whale  was  purchased,  and  to  whom  the  author  was  indebted  for  the 
opportunity  of  examining  the  animal  during  the  flensing  operation, 
stated  that  be  had  obtained  from  the  blubber,  and  from  the  inside 
fat,  19  tons  12  cwt.  of  oil ;  whilst  the  skeleton,  including  the  lower 
jaw,  weighed  9  tons  12  cwt.,  and  the  baleen,  including  the  gum, 
about  one  ton ;  the  weight  of  flesh,  intestines,  and  other  refuse, 
was  estimated  at  about  50  tons. 

The  author  believed  tlie  whale  to  be  an  example  of  the  whale 
called  Steypireyftr  by  the  Icelanders,  a  description  of  which  by 
Professor  Reinhardt  has  recently  appeared  in  the  Annals  of  Natural 
History  (Nov.  1868).  The  Steypirey«r  h^j  been  identified  with 
the  Balanoplera  Sibbaldii  or  Physalm  SihbaUii  of  Gray.  The 
Longniddry  whale  difTered  from  the  Balxnoptera  miuculut  {I'hytaliu 
antiquorwn,  Gray),  or  common  Bazor-back,  in  having  a  broader  and 
more  rounded  beak,  in  the  flipper  being  longer  in  proportion  to  the 
length  of  the  body,  in  the  baleen  plates,  fringes,  and  palatal  mucous 
membrane,  being  deep  black,  in  the  plates  being  longer  and  broader, 
in  the  belly  poBsessing  a  more  silvery  grey  colour,  and  in  the  blubber 
being  thicker,  so  that  the  animal  is  commercially  more  valuable. 

The  whale  was  with  calf,  but  the  foetus,  a  male,  had  been  dis- 
placed, and  thrown  out  of  the  abdominal  cavity  into  a  space 
between  the  outer  surface  of  the  right  ribs  and  the  blubber.  The 
displacement  bad  probably  occurred  whilst  she  was  being  towed  by 
-the  tail  across  the  firth  from  Longniddry  to  Kirkcaldy.  The 
wbale  may  have  entered  the  firth  in  order  to  give  birth  to  her  calf, 
HB  tbeie  seems  reason  to  think  that  whales  do  frequent  arms  of  the 
sea  for  that  purpose.  Although  nothing  definite  seemed  to  be 
known  of  the  period  of  gestation  of  the  Fin  whales,  yet,  from  the 
length  of  the  calf — amounting  to  nearly  20  feet,  or  about  one 
fourtli  the  length  of  the  mother — he  tbon^ht  it  wa.s  probable  that 

DiqitlzscbyGOOqlC 


38  Proceedings  of  the  Royal  Society 

the  whale  waa  at  or  about  her  full  time.  Several  square  feet  of  the 
festal  membiaues  wete  examined.  The  outer  surfaoe  of  the  oborion 
was  thickly  studded  with  villi,  which  over  large  areas  bad  no 
special  mode  of  arrangement ;  bat  in  aome  localities  they  formed 
an  irregular  network,  in  others  they  were  seated  on  long  ridge-lilce 
elevations  of  the  chorion,  and  in  other  cases  conical  folds  of  that 
membraiie,  5  or  6  inches  long,  were  closely  covered  with  villi.  The 
placenta  was  diffused,  but  with  a  tendency  to  aggregation  of  the 
villi  where  the  chorion  was  raised  into  ridge-like  and  conical  folds. 

The  paper  contained  an  account  of  the  vessela,  the  pharynx, 
laryngeal  pouch,  the  omentum,  the  intervertebral  discs,  the  cylin- 
driform  fibrous  mass  which  aupporta  the  lower  jaw,  and  a  description 
of  the  atlas,  axis,  hyoid  hone,  sternum  and  pelvis.  The  stemum 
was  shown  to  be  not  a  rudimentary  bone,  bat  of  considerable  size, 
consisting  of  three  large  lobes  with  a  posterior  pointed  process. 
The  dissection  of  the  f<etae  proved  that  the  opinion  entertained  by 
anatomists,  that  in  the  baleen  whales  the  sternum  is  a  single 
bone  developed  from  one  usaific  centre,  is  not  correct  for  all  the 
species.  For  in  this  S^imnoptera  the  festal  sternum  consisted  oC  two 
distinct  masses  of  cartilage,  one  of  which  corresponded  to  the 
posterior  pointed  process,  the  other  to  the  larger  3-lobed  anterior 
portion.  The  pelvic  hones  were  also  described.  In  the  fcetus  they 
were  still  cartilaginous,  but  had  the  same  general  form  as  in  the 
adult,  which  proved  that  in  the  process  of  ossification  no  important 
change  took  place  in  their  external  configuration,  and  that  the 
pelvis  of  the  male  differs  in  no  essential  feature  from  that  of  the 
female.  From  the  appearance  presented  by  the  skeleton  generally, 
the  large  whale  was  obviously  in  the  stage  of  growth  which  Mr 
Flower  has  termed  "  adolescent." 

The  paper  was  illustrated  by  photographs,  drawings,  and  speci- 


3.  Note  on  Aggregation  in  the  Dublin  Lying-in  Hospital. 
By  Dr  Matthews  Duncan. 
In  this  paper  it  is  pointed  out  that  deliveries  are  a  better  means 
of  arriving  at  an  estimate  of  the  healthiness  of  an  hospital  than 
amputations;  that  the  deliveries  in  the  Dublin  Hospital  are  re- 
markably valuable  because  of  their  great  number  (nearly  200,000), 
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aod  of  the  leogth  of  time  of  the  hoBpital's  operation  (above  100 
yettTB)  i  and  that  the  evideDce  derivable  from  them  relative  to  the 
danger  of  coofiDemeat,  aB  regnlated  by  the  amount  of  aggregation, 
or  number  brought  together  at  the  same  time,  has  never  been 
properly  taken. 

It  has  been  asserted  by  Dr  Evory  Kennedy  and  othera,  that  the 
mortality  ia  in  direct  proportion  to  the  aggregation.  But  an 
analysis  of  the  whole  data  indisputably  shows  that  in  the  Dublin 
Hospital  the  mortality  does  not  increase  with  the  increased  number 
of  the  inmates,  and  does  not  rise  with  the  aggregation.  The  mor- 
tality of  this  hospital  is  neither  in  the  direct  nor  in  the  inverse 
ratio  of  the  aggregation. 

The  data,  indeed,  seem  to  favour  the  view  that  the  mortality 
diminishes  when  the  a!;gTegation  is  increased.  Certainly  a  smaller 
proportional  number  die  when  there  were  many  in  the  hospital  than 
when  there  were  fewer. 

The  following  Gentlemen  were  elected  Fellows  of  the 
Society : — 

8t  John  Vcbcbnt  Day,  Esq,,  C.E. 
David  Muhh,  Esq. 
RoBBBT  B.  Tatlock,  Esq. 

Monday,  3d  January,  1870. 
Dr  CHEISTISON,  President,  in  the  Chair. 
The  following  CommunicationB  were  read : — 

1.  On  a  Method  of  Economiaiug  our  Currency.  Bj 
Andrew  Coventry,  Esq. 
In  the  outset,  it  was  stated  that  the  currency  consisted  mainly 
of  a  large  mass  of  paper,  whose  convertibility  had  been  provided 
foi  by  Sir  Bobert  Peel's  Bank  Bill  of  1844^45,  with  which  paper, 
sod  the  gold  set  aside  for  it,  the  author  did  not  propose  to  meddle. 
But  alongside  of  the  paper  there  circulated  a  large  quantity  of  gold, 
and  the  object  of  his  paper  was  to  economise  it.  Now,  gold  having 
only  three  uses — as  cnirency,  in  the  arts,  and  to  discharge  debts 
abroad — it  was  detiraUe  that  some  arrangement  should  be  thought 
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i)f  wfaich  might  relieve  it  of  tbe  first  mentioned  service,  in  vbich 
it  Buffers  much  waste,  and  set  it  free  for  the  two  others. 

Tlie  plan  proposed  was  to  disqualify  gold,  under  legal  penalties, 
for  currency  oi  barter  within  the  island,  upon  which  it  would  flow 
into  the  Bank,  to  be  kept  there  for  the  eecnrity  of  the  notes  which 
would  take  its  place,  and  for  the  arts  and  foreign  trade.  The  gold 
currency  being  ebown  to  amount  to  80  millions,  it  was  next 
explained  that,  agreeably  to  an  article  in  the  "Economist"  of  3d 
July  last,  the  saving  thereby  effected  (in  tear  and  wear,  coining 
iind  recoining)  to  the  country  would  he  fully  L. 56,000  a  year,  or 
rather  L.GO,000  a  year,  as  L.4000  might  be  added  for  loss  by  fire 
and  shipwreck.  As  to  the  expenee,  again,  of  the  paper  which 
would  be  needed  to  represent  the  80  millions  of  gold  brought  in  by 
the  disqualification,  the  aatbor  proposed  to  provide  for  it  in  the 
following  way :— Let  the  Bank  have  to  itself  two  of  the  80  millions 
of  gold,  and  yet  be  allowed  to  issue  paper  to  the  full  amount  of  80. 
The  uncovered  part  of  the  issue  would  be  a  slight  extension  of  the 
14  or  15  millions  already  privileged  by  statute,  and  such  au  ex- 
tension has  been  often  proposed,  and  by  able  men.  In  return  for 
the  two  millions  of  gold,  the  Bank  might  very  fairly  be  expected  to 
provide  the  paper  currency  and  pay  the  State  L. 25, 700  a  year. 
These  figures  are  arrived  at  by  the  terms  of  the  arrangement 
between  the  Bank  and  Government  aa  to  the  14  millions  being 
adopted  for  the  two  millions  now.  Farther,  a  return  to  the  use  of 
small  notes  in  England  was  recommended,  as  the  experience  of 
Scotland  showed  that  certain  improvements  in  engraving  were 
complete  preventives  against  forgery ;  and  he  advocated  also  gold 
bars,  a  suggestion  of  the  lale  Ur  Bicardo,  instead  of  coins. 

The  result  of  gain  on  the  whole  would  be,  to  the  State  L.60,0OO 
and  L.25,700,  besides  L.18,000  of  profit  to  the  Bank  a/ter  defraying 
the  paper  currency— or,  in  all,  L. 103, 700  a  year,  which,  capitalised, 
would  be  three  millions. 

Such  was  Mr  Coventry's  proposal.  But  be  added  that  som--' 
might  reasonably  be  inclined  to  go  further,  and  to  take  tbo  whole 
or  part  of  the  remaining  eight  of  the  78  millions,  mr'.kin^  some 
compensation  to  the  Bank,  of  course,  seeing  that  a  reserve  of  78  of 
gold  against  80  of  paper,  large  at  any  time,  would  be  extravagant 
when  gold  fell  to  be  disused  for  currency.     Even  if  we  were  to 
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ftBsnme  the  cost  of  80  millioDe  of  paper  to  be  not  far  short  of  the 
cost  of  maintaiDing  a  gold  curreocy  of  like  amonut,  the  icbeiQe 
proposed  would  have  thi§  merit,  that  it  would  bring  80  milHonB  of 
gold  into  the  bank,  of  which  70  millions  would  be  an  ample  reserre 
against  80  of  paper — thus  effecting  a  gain  oj  Ten  MUlumt.  Mr 
Coventry  showed,  too,  that  bullion  was  seldom  required  to  be  sent 
abroad  to  any  very  great  amount  by  tbe  exchanges,  and  instanced 
the  year  1864,  when  the  trade  of  the  country  amounted  to  nearly 
600  millions,  and  the  balance  only  to  4^  millions,  or  a  trifle  more. 

2.  On  the  old  River  Terraces  of  the  Earn  and  Teith,  viewed 
in  connection  with  certain  Geological  Arguments  for 
the  Antiquity  of  Man.  By  the  Rev.  Thomas  Brown, 
Edinburgh. 

The  author  described  the  circumstances  which  led  him,  in  1863, 
to  begin  the  investigation  of  these  terraces,  and  showed  he  had  traced 
their  course  along  the  Earn  from  Loch  Earn  to  where  they  meet 
tbe  tide.  He  had  also  examined  the  valley  of  the  Teith,  and  bad 
found  the  same  deposits  from  the  head  of  Loch  Lubnaig  to  near 
Stirling.  There  are  three  different  levels  on  which  tbe  terraces 
lie  at  different  beiglite  above  the  river  bed.  Tbe  lowest  consists  of 
tbe  present  hanks  of  the  stream  and  haugbs  or  meadows;  above 
this  there  is  an  intermediate  terrace,  which,  in  its  tarn,  is  sur- 
mounted by  the  highest.  Owing  to  tbe  effects  of  denudation,  one 
or  other  of  these  levels  is  frequently  interrupted  or  obstructed,  but 
they  are  ever  again  fonnd  recurring,  and  tbe  whole  three  present 
themselves  so  frequently  as  to  show  that  this  threefold  terrace 
system  is  the  true  key  to  these  valley  deposits.  It  was  shown  that 
they  were  neither  sea-beaches,  as  some  geologists  have  held,  nor 
lake-margins,  as  has  been  maintained  by  others,  but  mnst  have 
been  formed  by  tbe  river  itself,  at  some  former  age,  when  its 
floods  had  tbe  power  of  rising  to  tbe  requisite  height.  All  tbe 
three  terraces  are  found  varying  in  height  at  different  points 
according  to  the  width  of  the  valley,  the  strength  of  the  current, 
and  other  circumstances.  The  lowest,  which  consists  of  tbe  pre- 
sent banks,  &c.,  varies  from  3  to  10  feet,  according  to  tbe  locality; 
the  second,  from  15  to  24 ;  while  tbe  third  is  from  35  to  60,  or 
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even  more  above  the  liver  b«d.  Numerous  ez^iaples  were  given 
of  theii  out  ward  form  and  io  ward  structure  to  illustrate  these  views. 
The  author  next  proceeded  to  describe  the  exact  geological 
position  of  these  deposits.  As  the  time  of  the  kames  or  esnars 
belonged  to  the  close  of  the  glacial  epoch,  bo  the  formation  of  these 
terraces  followed  the  time  of  the  kames,  and  they  were  constmcted 
by  river  floods  out  of  the  pre-existing  collections  of  gravel,  &C. 
The  fossil  remains  of  the  flora  of  Strathearu,  which  they  encbse, 
show  that  the  climate  of  the  period  must  have  been  as  mild  as  the 


Certain  geological  arguments  for  the  antiquity  of  man  weie 
referred  to,  especially  these  deduced  from  the  gravel  deposits  of 
the  Somme  in  France  and  the  Brixham  cave  in  England.  From 
the  height  at  which  these  deposits  with  flint  weapons  had  been 
fonnd  above  the  present  river  conises,  it  had  been  held  that  the 
human  period  must  he  extended  so  as  to  leave  time  for  the  erosion 
of  the  valleys.  The  author  adduced  evidence  to  show  conclnsively 
that  the  Scottish  valleys  had  been  eroded  down  to  their  present 
depth  previously  to  the  formation  of  these  old  gravel  deposits, 
which  are  found  at  so  great  a  height  above  the  rivers.  If,  there- 
fore, the  analogy  of  the  Scottish  valleys  and  streams  could  apply 
to  those  of  France  and  England,  the  time  needed  for  the  erosion 
of  the  valleys  must  be  thrown  out  of  the  account.  It  was  vain  to 
attempt  to  dissociate  the  formation  of  the  valley  system  of  France 
and  England  from  that  of  Scotland,  as  if  they  were  not  analogous. 
He  had  no  doubt  that  these  views  would  he  established ;  but,  in 
the  meantime,  it  was  at  least  right  that  men  should  suspend  their 
judgment  till  the  question  thus  raised  had  been  thoroughly  in- 
vestigated. 

The  following  Gentlemen  were  elected  Fellows  of  the 

Society : — 

Albzandeb  Bubskl,  Esq. 

Jambs  Cbicbtoh  Bbowmb.  H.D. 

John  Dukcan,  M.D.,  F.R.C.8.E. 

W.  BuBHS  TBOuaoK,  F.B.C.S.E. 

Di  W.  R.  Savdebb,  FrofeBBOr  of  Pathology. 

Rev.  Akdbbw  Thohsoh,  D.D. 

JosBPH  LiBTEB,  PiofeeBor  of  Clinical  Bnrgery. 

William  Ahdbbson,  LL.D. 
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Monday,  Mtk  January  1870. 

QEOBGE  ROBERTSON,  Esq.,  Councillor,  in  the  Chair. 

The  following  Gotmnunicatious  were  read : — 

1,  Experiments  on  the  Colorific  Properties  of  Lichens.  B; 
W.  Lauder  Lindsay,  M.D.,  F.R.S.E.,  F.L.a 
The  snthoi's  paper  cousiate  mainly  of  a  TalU  exhibitiDg  certain 
of  the  positive  resalts  of  many  hundred  experimentB  on  the  colour- 
iug  mattera  contained  in  or  educible  from  Lichens.  The  experi- 
ments in  question  are  partly  a  repetition,  and  partly  an  extension 
on  a  more  systematic  and  complete  scale,  of  a  series  of  researches 
mode  by  the  author  between  1852  and  1855,  the  results  of  which 
were  originally  submitted  to  the  Botanical  Society  of  Edinburgh. 
The  present  series  of  experiments  includes  the  whole  family  of  the 
Lichens.  The  Table  representa  mainly  the  effects  of  chemical  re- 
agents on  solntioDB  of  the  lichen  colouring-matters,  or  colorific 
principles,  in  boiling  alcohol  or  water.  The  Domenclature  of  the 
Colour-reactions  is  that  of  Werner  and  Syme.  As  the  subjects  of 
his  experiments,  the  author  confined  himself  in  great  measure  to 
the  lichens  contained  in  published  Fasciculi;  so  that  comparative 
experiments  may  hereafter  be  made  on  authentic  specimens  of  the 
tame  tpecia  and  varieties  by  other  observers  in  other  countries.  The 
author's  results  are  submitted  as  a  mere  pioneer  contribution  to  a 
subject,  which  has  been  ae  yet  must  Imperfectly  worked  out,  viz., 
the  Chemistry  of  the  lichen  colouri ng- matters ;  but  be  trusts  they 
may  furnish  a  partial  basis  for  a  future  more  exhauative  series  of 
reaearchea  to  be  undertaken  conjointly  by  GhemiiU  ajtd  Ltchenclogiste. 

The  present  Table  illuatratea  pro  tanto — 
I.  The  kinds  of  colour  producible  from  lichens :   those,  viz, — 

(a)  Which  exist  ready  formed  in  the  thallua — ^for  the  most 
part  green,  yellow,  or  brown, — and  which  are  of  little 
practical  utility ;  and 

(fi)  The  colonrleaa  colorific  principles,  which,  under  the  action 
of  ammonia  and  atmospheric  oxygen,  yield  red  or  purple 
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dyee  of  the  class  of  which  Orchil,  Cudbear,  and  Litmus 
are  the  familiar  types. 

II.  The  families,  genera,  or  species  that  possees  practical  colorific 

value ;  as  well  as  the  relative  values  of  coloritic  species  or 
varieties. 

III.  The  irregularities  or   uncettaiDties  of  colour-development, 

according  to 
(a)  The  coodition  of  the  lichen  operated  on ; 
\b)  The  condition  of  the  reagent ;  or 
(,c)  The  circumstauces  of  e:Lperiment 
There  ie  thus  a  rough  indication,  on  the  one  hand,  of  the  so-called 
Dge-lichena;  and,  on  the  other,  of  species  and  genera  that  are  practi- 
cally useless  to  the  colour-maker. 

The  present  series  of  experiments,  moreover,  has  a  direct  prac- 
tical bearing  on 

I.  The  recent  iDtroduction  of  Colour-leeU  at  Specific  Ckaractari  in 

Lichens ; 
II.  The  modem  manufacture  from  Lichens  (e.g.,  in  France)  of 
foH  dyes,  capable  of  competing  succesBfuUy  with  the  brilliant 
coal-tar  colours  and  other  dyes  of  recent  introduction;  and 
III.  The  use,  which  still  lingers  in  certain  parts  of  Scotland,  and 
probably  also  of  Wales  and  Ireland,  of  lichens  as  Domettic 
dye-tttt^. 

2.  On  the  Principles  of  Scientific  Interpretation  in  Myths, 
with  Special  Kelerence  to  Greek  Mythology.    By  Pro- 
fessor Blackte. 
Piofeasor  Blackie  commenced  by  saying  that,  of  all  the  branches 
of  interesting  and  curious  learning,  there  was  none  which  had  been 
so  systematically  neglected  in  this  country  by  English  acbolois  as 
mythology — a  subject  closely  connected  both  with  theolngy  and 
philosophy,  and  on  which  those  grand  intellectual  pioneers  and 
architects,  the  Germans,  bad  expended  a  vast  amount  of  profitable 
and  unprofitable  labour.    The  consequence  of  this  neglect  was, 
that  of  the  few  British  books  we  had  on  the  subject,  the  most 
noticeable  were  not  free  from  the  dear  seduction  of  favourite  ideas 
which  poBsessed  the  minds  of  the  writers  as  by  a  juggling  witch- 
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craft,  and  preveuted  tbem  from  looking  on  a  rich  and  v&rions 
subject  with  that  man^-eided  aympathy  and  catholic  receptiveaeeB 
which  it  reqnired.  In  fact,  Bome  of  our  most  recent  writers  on 
this  subject  have  not  advanced  a  single  step,  in  respect  of  scientific 
method,  beyond  Jacob  Bryant,  iinqueBtioDably  tbe  most  learned 
and  original  speculator  on  mythology  of  the  laat  century;  bnt 
whose  great  work,  neverthelesa,  can  only  be  compared  to  a  grand 
chase  in  the  dark,  with  a  few  bright  flashes  of  discovery,  and 
happy  gleama  of  suggeation  by  the  way.  For  these  reasons,  and 
to  make  a  necessary  protest  against  certain  ingenious  aberrations  of 
Max  Miiller,  Qladstone,  Inmon,  and  Cox  in  the  method  of  mytho- 
logical interpretation,  he  had  undertaken  to  read  the  present  paper; 
which,  if  it  possesaed  only  the  negative  virtue  of  warning  people 
to  be  sober-minded  and  cautions  when  entering  on  a  path  of  in- 
quiry, full  of  bogs  below  and  clouds  above,  could  not  be  deemed 
impertinent  at  the  present  moment. 

One  great  fact  as  to  the  origin  of  Polytheism  may  be  considered 
as  firmly  established,  and  by  general  consent  admitted — viz.,  that 
the  great  physical  shows  and  forces  by  which  man  finds  himself 
eurronnded  and  conditioned,  assuming,  under  the  infioence  of 
reverence  and  imagination,  various  anthropomorphic  disguises, 
constituted  the  original  council  of  the  great  gods.  When  we  say 
physical,  however,  we  do  not  mean  physical  in  the  mat«rial  and 
mechanical  modern  sense  of  tbe  word ;  but  we  mean  physical  in  a 
sort  of  pantheistic  sense,  in  which  nature  is  regarded  as  everywhere 
interpenetrated,  inspired,  and  fashioned  by  spirit.  This  being  so 
and  ascertained,  be  it  noted,  by  an  overwhelming  array  of  strictly 
inductive  evidence,  there  can  be  no  difficulty  in  predicating,  a 
priori,  what  the  great  goda  of  the  G-reeks,  to  whom  I  shall  confine 
myself  in  this  paper,  must  have  been  originally  in  their  elemental 
aignifioanoe.  They  must  have  been  those  powers  of  Nature  and  of 
the  human  soul,  or  of  Nature  considered  as  animated  by  a  human 
soul,  whose  display  was  most  striking,  and  whose  influence  was 
most  felt  by  primeval  man.  Those  powers  are — The  sky,  the 
earth,  the  sun,  the  moon,  the  stars,  the  sea  and  rivers,  the  atmo- 
sphere and  winds,  the  subterranean  forces,  the  underground  world, 
and  the  unseen  powers  of  darkness  beyond  the  grave,  the  vege- 
tative or  generative  principle,  the  fervid  domain  of  moral  emotions, 
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BDd  tbe  Bovereigti  sway  of  intellect.  For  I  do  not  believe  in  any 
period  when  man  waa  merely  a  brnte,  or  a  nondescript  creature, 
half  emergent  from  the  primeval  man-monkey  oi  monkey-man. 
Individual  tribes  of  a  low  type,  snch  as  those  wbom  my  ingenious, 
acute,  and  learned  friend,  Mr  U'Lennan,  calls  by  tbe  undignified 
name  of  Tt^tmt,  may  always  have  existed ;  but  in  a  general  Totem- 
sUte  of  an  embryo  and  embnited  humanity  I  do  not  believe, 
Hypotbeses  of  this  kind  are  the  conceit  of  speculative  scicence, 
not  historical  fact.  Starting  from  this  base  of  operations,  our  first 
business  is  to  look  our  gods  fairly  in  the  face,  and  by  a  reverential 
and  poetic  study  of  their  forms,  attitude,  dress,  badges,  and  symbols, 
to  recreate  the  antbropomorpbised  power  in  its  original  elemental 
significance.  And  this  must  be  done  in  an  extremely  cautious  and 
careful  way,  so  as  to  make  legitimate  our  indnctiTe  conclusions, 
after  the  method  of  which  such  admirable  examples  are  given  by 
Ottfried  Miiller  in  his  "Prolegomena" — a  small  book  in  respect 
of  bulk,  but  a  truly  great  book  in  respect  of  significance ;  and  to 
the  principles  laid  down  in  which  it  would  be  well  if  some  of  our 
recent  mythological  speculators  would  seriously  recur.  Mr  Buskin's 
method  of  interpreting  tbe  Greek  gods  without  such  a  careful 
scholarly  preparation,  is  mere  brilliant  trifling;  and  all  excursions 
into  tbe  realms  of  comparative  mythology  and  philology,  after  tbe 
fashion  of  Greuzer  and  Bryant,  without  first  taking  sober  counsel 
from  home  materials,  can  result  only  in  floating  conjecture,  not  in 
stable  knowledge.  Now,  to  give  an  example  of  what  I  mean :  if 
we  take  three  of  the  principal  gods  of  the  Hellenic  Olympus — 
Zeus,  Poseidon,  and  Apollo— and  peruse  them  carefully,  I  defy  any 
man  who  has  a  common  amount  of  classical  reading,  and  who,  like 
Wordsworth,  can  put  himself  into  tbe  position  of  the  original 
creators  of  mythology,  to  form  any  other  conclusion  than  that  these 
personages  are  mere  anthropomorphic  disguises  of  tbe  heavens,  tbe 
ocean,  and  the  bud  ;  and  towards  forming  this  conclusion,  with  a 
man  who  is  entitled  to  have  a  judgment  on  such  subjects,  not  a 
single  shred  of  Hebrew  or  Sanscrit,  or  any  foreign  organon  of 
interpretation,  is  required.  It  may  be  interesting  to  know  that 
Z<v$  in  its  Sanscrit  form  means  bright  or  thining ;  but  it  is  not 
necessary  towards  a  well-grounded  scientific  induction  of  the  ori< 
ginal  significance  of  the  god. 
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But  there  are  other  persons  in  the  Pantheon  whoEe  significance  is 
anything  but  plain ;  and  tn  their  case,  un  quest  ion  ablj,  recourse  may 
be  had  with  advantage  to  etymology,  first,  in  the  native  language, 
of  course,  and  then  in  the  kindred  languages,  in  aome  one  of 
which  the  original  form  of  the  sacred  title  may  have  been  pre- 
served.  A  striking  example  of  the  utility  of  native  etymology  in 
fixing  the  significance  of  the  Greek  mythological  personages  is  pre- 
sented in  the  familiar  case  of  the  Harpies,  whose  whole  character 
and  actions,  taken  along  with  the  open  evidence  of  their  Greek  names 
in  Hesiod,  prove,  beyond  all  doubt,  that  they  are  the  impersonated 
forms  of  such  sodden  gusts  and  squalls  of  wind  as  come  down 
fnequently  on  the  Black  Sea  or  the  Highland  lochs.  But  etymo- 
logy, though  a  safe  guide  in  such  inatanceg,  is,  in  lees  obvious 
cases,  of  all  guides  the  most  fallacious,  And  this  is  what  my 
distiDguiehed  frieud  Max  Kiiller,  and  some  who  follow  in  his  train, 
seem  at  the  present  moment  somewhat  apt  to  forget.  An  etymo- 
logy, though  not  caught  up  in  the  arbitrary  fashion  of  Bryant  and 
Inman,  hut  traced  with  the  most  cautious  application  of  Grimm's 
laws,  is,  after  all,  only  a  conjecture.  It  is  a  conjecture  not  in  the 
teeth  of  all  philological  analogy.  It  implies  a  possible,  or,  as  the 
case  may  be,  a  probable  identity.  But  alone,  and  without  extrinsic 
and  real,  as  opposed  to  verbal  indications,  it  aS'ords  no  ground  for  a 
legitimate  induction.  Nothing  is  more  common  than  accidental 
coincidences  in  mythological  names — such  as  the  Latin  Hercules 
and  the  Greek  Heracles — which,  as  scholars  know,  have  not  the 
most  remote  connection.  Besides,  even  if  the  true  etymology  of 
any  Greek  god  could  be  found  in  Sanscrit  or  any  other  language, 
the  signification  of  the  original  name  afibrds  no  sure  clue  to  the 
character  of  the  accomplished  god.  Our  dictionaries  are  full  of 
words  whose  ultimate  signification  has  traveUed  so  far  away  from 
its  original,  that  the  original  meaning  could  supply  no  key  to  the 
modem  usage.  Jlopiftvptos,  for  instance,  means  dark  in  Homer,  but 
in  Horace  brilliant  or  Bkining.  Usage  alone  can  inform  as  of  this 
perversion  or  inversion  of  the  original  meaning  of  words.  But 
if  this  he  true  with  regard  to  mere  philology,  it  is  much  more  true 
with  regard  to  mythology.  The  root  of  a  word,  like  the  stock  of 
a  tree,  may  remain  stifi"  enough  for  centuries;  but  the  hnman 
Imagination,  when  employed  in  the  forming  of  myths,  is  a  kaleido- 
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Bcope  whose  changee  are  incalculable,  and  whose  leeults  are  so 
traDBmuled  from  the  original  type  as  to  be  nDrecognieable.  Od 
these  gioaods,  I  feel  mjself  boand  to  protest  in  the  strongest 
manner  against  the  fashion  recently  introduced  by  Max  Miiller 
and  Mr  Cox,  of  giving  a  new  interpretation  of  Hellenic  gods, 
founded  on  no  firmer  haais  than  slippery  Sanscrit  etymologies,  and 
a  few  iagenious  coDJectures.  After  reading  the  distin^iahed 
Crerman's  lucubrations  on  Hennes,  and  Athena,  and  Erinnys,  I 
stand  as  unconyinced  as  before  the  portentous  array  of  Protean 
"  Radicals,"  in  the  first  volume  of  Bryant ;  it  is  only  another  turn 
of  the  mythological  kaleidoscope  from  the  hand  of  a  man  who 
combines  the  erudition,  the  speculation,  and  the  subtlety  of  his 
people,  with  an  eloquence  and  a  taste  seldom  snrpassed  by  the  best 
Englishmen  writing  their  own  language  in  the  best  way— a  man 
whose  character  I  respect,  and  whose  instnictive  intercourse  I  have 
enjoyed  now  for  a  long  series  of  years ;  but,  with  regard  to  whose 
speculations  on  curious  points  of  Greek  mythology,  I  can  only  say, 
Amictii  Plato  ted  magii  amiea  Veritas.  And  etymology  is  not  the 
only  point  on  which  I  am  forced  to  dissent  from  Max  MUller  and 
that  large  school  of  German  thinkers  of  whom  he  is  the  spokesman 
in  this  century.  A  long  familiarity  with  the  writings  of  German 
scholars  has  convinced  me  that  there  is  a  particular  idiosyncrasy 
in  their  minds  which,  when  applied  without  qualification  in  mytho- 
logical research,  is  peculiarly  apt  to  mislead.  This  idiosyncrasy 
leads  them  to  believe  in  no  facts  that  they  are  not  able  to  construct 
from  certain  favourite  presupposed  ideas.  Now,  I  believe  in  facts 
as  having  an  independent  value,  and  a  right  to  be  recognised  alto- 
gether independent  of  any  favourite  ideas  which  an  interpreter  of 
facts  may  bring  to  explain  them.  I  believe  that  one  domain  ol 
myths  is  to  be  explained  by  ideas;  bat  I  believe  also  in  a  class  of 
myths,  of  which  the  main  root  and  stem  are  historical,  and  only 
the  outer  limbs  and  flourishes  mythical.  I  see  no  presumption 
whatsoever  that  the  Trojan  War  represents  a  conflict  between  the 
powers  of  light  and  darkness;  tliat  Achillea  is  a  degraded  solar 
god,  as  Miiller  would  indicate,  or  a  water  god,  as  is  the  fashionable 
idea  of  most  Germans.  The  most  improbable  thing  in  the  world 
is  that  a  nation  should  have  drawn  a  brush  over  all  its  human 
memories,  and  left  nothing  but  myths  of  the  Dawn  and  the  Dark 
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in  tha  shape  of  European  peeia  and  Asiatic  princea.  I  refuse, 
therefore,  on  the  faith  of  a  few  apecious  etjmologiea,  to  see  aoy- 
thing  mythical  in  the  main  action  of  the  "  Iliad ; "  and  I  deem  it 
a  waste  of  brain  to  seek  the  interpretation  of  a  stout  old  Thessalian 
thane,  from  a  Sanscrit  epithet  of  the  sun.  But  India  is  not  the 
only  country  to  which  adventurous  scholars  have  travelled  In 
search  of  a  key  to  unlock  the  mysteries  of  the  Hellenic  Pantheon. 
Mr  Gladstone,  as  it  is  well  known,  has  reverted  to  the  expedient — 
a  favourite  one  with  our  old  theological  giants— of  explaining 
Greek  gods  through  the  medium  of  a  primitive  sacred  tradition. 
There  might  he  no  objection  to  this  if  the  Hehrews  had  possessed 
any  original  quarry  of  tbeologio  material  from  which  an  Apollo  or 
an  Athena  could  he  built  up ;  but  the  only  idea  that  the  Hebrews 
could  have  supplied  to  the  Greeks  was  that  of  the  one  Supreme 
God,  whom  no  doubt  we  have  in  Zeus,  but  unaccompanied  with 
any  special  Hebrew  character  hy  which  he  might  he  identified. 
The  same  distinguisbed  scholar's  most  recent  excursion  into  far 
Eastern  lands  has  not  brought  back,  in  my  opinion,  any  more 
valuable  booty.  That  Aphrodite  and  Hercules  were  of  Phoenician 
extraction,  at  least  contained  a  strong  admixture  of  FhtBnlcian 
elements,  was  known  long  ago;  and  few  facts  in  early  Hellenic 
history  can  be  considered  more  certain ;  but  beyond  this,  all  pro- 
positions with  regard  to  early  Phisnician  influence  on  the  persons 
of  the  Greek  Pantheon,  seem  to  me  to  stand  on  too  slight  a  basis 
of  ingenious  conjecture  to  possess  any  scientific  value. 

Having  made  these  protests  against  the  brilliant,  hut,  so  far  as 
Greece  is  concerned,  in  my  opinion  barren  excursions  of  recent 
writers  into  the  regions  of  comparative  mythology,  I  have  only  to 
Bay  in  conclusion,  that  the  only  safe  method  in  the  present  state  of 
the  science  of  mythology,  is  to  confine  our  attention  to  the  actual 
forms  and  attitudes  and  symbols  of  the  gods  as  they  present  them- 
selves before  us  in  their  accomplished  impersonation.  By  tracing 
Hermes,  for  instance,  to  the  breeze  of  the  early  Dawn,  nothing  is 
gained,  even  it  he  true;  it  were  only  a  pretty  fancy  of  the  infant 
Aryan  mind  on  the  banks  of  the  Indus,  with  which  a  pastoral 
Greek  on  Mount  Cyllene  had  nothing  to  do.  The  Hermes  of  the 
Greeks,  is  plainly,  in  the  first  place,  a  pastoral  god  of  increase, 
then  a  god  of  gain,  when  the  shepherd  became  a  merchant,  and 
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then  generally  a  god  of  commerce,  and  the  Bdroitneaa  which  com- 
meroe  demande.  Athena,  id  the  same  way,  the  daughter  of  the 
dark-clouded  Jove,  is  the  fiashiog-eyed  maiden,  because  she  repre- 
senta  the  feminine  aspect  of  the  sky,  of  which  her  sire  represents 
the  maaculine.  Juno,  again,  by  many  manifeet  signB,  is  certainly 
the  earth  anthropomorphieed  out  of  the  physical  yij,  just  as  Zck 
was  out  of  ouparoi.  Then,  again,  if  Apollo  be  the  sun,  Artemis, 
his  sister,  without  going  further,  must  be  the  moon ;  and  Dionysus, 
the  wine  god,  whose  Oriental  origin  and  late  introduction  is  certified, 
stands  by  virtue  of  the  phallic  symbol  manifestly  an  Oriental  god 
of  the  generative  virtue,  just  as  Hermes  was  in  Arcadia  by  the  same 
symbol  proclaimed  the  patron  of  breeding  to  the  sheep-farmers 
of  the  Felasgio  peninsula.  Then,  hy  the  same  process  of  look- 
ing at  what  is  before  me,  apart  from  German  theories  and  Sanscrit 
etymologies,  I  reserve  a  considerable  domain  in  the  mythological 
land  for  exaggerated  and  metamorpbic  history;  not  at  all  con- 
cerned that  I  may  be  looked  on  by  the  winged  Grerm&ns  as  a 
dull,  prosaic  fellow,  or  a  disciple  of  the  atheistic  Euhemems — ^for 
EnbemeniB  also  was  not  altogether  wrong,  and  the  worship  of 
hnman  ideals  as,  at  least,  one  element  in  many  mythologies,  is  one 
of  the  most  accredited  facts  in  the  history  of  the  human  race.  And 
if  I  seem  to  have  achieved  a  very  small  thing  when  I  keep  myself 
within  these  hounds,  I  have  at  least  kept  myself  clear  of  nonsense, 
which  in  mythological  science  is  as  common  as  sunk  rocks  in  the 
Shetland  seas.  To  Has  Milller,  and  other  Sanscrit  scholars, 
I  hope  I  shall  always  be  grateful  for  any  happy  illustrations  which 
they  may  supply  of  the  general  character  of  Aryan  myths,  and  of 
occasional  coincidences  of  the  Hellenic  mode  of  imaginingwlth  the 
Indian ;  and  I  think  the  somewhat  cold  and  unimaginative  race  of 
English  scholars  are  under  no  small  obligations  to  him  for  having 
taught  them  to  recognise  poetical  significance  and  religious  value 
in  some  legends,  which  passed  in  their  nomenclataie  for  silly 
fables  or  worthless  facts ;  but  I  profess  to  have  been  unable  to 
derive  any  sure  clue  from  the  far  East  to  the  most  difficult  questions 
of  Greek  mythology;  nor  do  I  expect  that,  when  every  obsolete  word 
in  the  Rig  Veda  shall  have  been  thoroughly  sifted  and  shaken,  a 
single  ray  of  intelligible  light  will  thence  Sow  on  the  Athena  of 
the  Parthenon  or  the  Hermes  of  the  Oyllenian  slopes.    I  believe 
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The  foUowing  Commonications  were  read : — 

I.  On  Reciprocal  Figures,  Frames,  and  Diagrams  of  Forces. 
By  J.  Clerk  Maxwell,  Esq.,  P.R.SS.  L.  &  E. 

The  recipiooal  figures  treated  of  in  this  paper  are  plane  recti- 
linear fignres,  such  that  eveij  line  in  one  figure  is  perpendicular 
to  the  coireapoDding  tine  in  the  other,  and  lines  which  meet  in  a. 
point  in  one  figure  correBpond  to  lines  which  form  a  closed  polygon 
in  the  other. 

By  tnining  one  of  the  figures  round  90°,  the  corresponding  lines 
become  parallel,  and  are  more  easily  recognised.  The  practical 
use  of  these  figures  depends  on  the  proposition  known  as  tlic 
"  Polygon  of  Forces."  If  we  suppose  one  of  the  reciprocsl  figures 
to  represent  a  system  of  points  acted  on  by  tensions  or  pressures 
along  the  lines  of  the  figure,  then,  if  the  forces  which  act  along 
these  lines  are  represented  in  magnitude,  as  they  are  in  direction, 
by  the  corresponding  lines  of  the  other  reciprocal  figure,  every 
point  of  the  first  figure  will  be  in  equilibrium.  For  the  forces 
which  act  at  that  point  are  parallel  and  proportional  to  the  sides  of 
a  polygon  formed  by  the  corresponding  lines  in  the  other  figure. 

In  all  cases,  therefore,  in  which  one  of  the  figures  represents  a 
frame,  or  the  skeleton  of  a  structure  which  is  in  equilibrium  under 
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the  action  of  pressures  and  tflosioDS  in  its  several  pieces,  the  other 
figoie  represents  a  Bystem  of  forces  whicb  would  keep  the  frame  in 
equilihrium ;  and,  if  the  known  data  are  sufficient  to  determine 
these  forces,  the  reciprocal  figure  may  be  drawn  eo  as  to  represent, 
on  a  selected  scale,  the  actual  values  of  all  these  forces. 

In  this  way  a  practical  method  of  determining  the  tensions  and 
pressures  in  structures  has  heen  developed.  The  "polygon  of 
forces  "  has  been  long  known.  The  application  to  polygonal  frames, 
with  a  system  of  forces  acting  on  the  angles,  and  to  several  other 
cases,  was  made  by  Professor  Bankine  in  his  Applied  Mechanics. 
Mr  W.  P.  Taylor,  a  practical  draughtsman,  has  independently 
worked  out  more  extensive  applications  of  the  method.  Starting 
from  Professor  Rankine's  examples,  I  taught  the  method  to  the 
class  of  Applied  Mechanics  in  King's  College,  London,  and  published 
a  short  account  of  it  in  the  "Philosophical  Magazine"  for  April 
1864.  Professor  FleemJng  Jenkin,  in  a  paper  recently  presented 
to  the  Society,  has  fully  explained  the  application  of  the  method  to 
the  most  important  cases  occurring  in  practice,  and  I  believe  that 
it  has  been  found  to  have  three  important  practical  advantages. 
It  is  easily  taught  to  any  person  who  can  use  a  ruler  and  scale. 
It  is  quite  sufficiently  accurate  for  all  ordinary  calculations,  and  is 
much  more  rapid  than  the  trigonometrical  method.  When  the 
figure  is  drawn  the  whole  process  remains  visible,  so  that  the 
accuracy  of  the  drawing  of  any  single  line  can  be  afterwards  tested ; 
and  if  any  mistake  has  been  made,  the  figure  cannot  be  completed. 
Hence  the  verification  of  the  process  is  much  easier  than  that  of 
a  long  series  of  arithmetical  operations,  including  the  use  of 
trigonometric  tables. 

In  the  present  paper  I  have  endeavoured  to  develope  the  idea  of 
reciprocal  figures,  to  show  its  connection  with  the  idea  of  reciprocal 
polars  as  given  in  pure  mathematics,  and  to  extend  it  to  figures  in 
three  dimensions,  and  to  cases  in  which  the  stresses,  instead  of 
being  along  certain  lines  only,  are  distributed  continuously  through- 
out the  interior  of  a  solid  body.  In  making  this  extension  of  the 
theory  of  reciprocal  figures,  I  have  heen  led  to  see  the  connection 
of  this  theory  with  that  of  the  very  important  function  introduced 
into  the  theory  of  stress  in  two  dimensions  by  Mr  Airy,  in  his  paper 
"On  the  Strains  in  the  Interior  of  Beams"  (Phil.  Trans.  1863). 

D„l,:.cbyG0C>^lc 


of  Edinburgh,  Session  1869-70.  55 

If  a  plane  sheet  is  in  equilibriDm  under  the  action  of  internal  stress 
of  any  kind,  then  a  quantity,  vhich  we  shall  call  Airy'a  Function 
of  Stress,  can  always  be  found,  which  baa  the  following  properties. 

At  each  point  of  the  sheet  let  a  perpendicular  be  erected  pro- 
portional to  the  function  of  stiess  at  that  point,  so  that  the 
extremities  of  such  perpendicnlan  lie  in  a  cerialn  surface,  which 
we  may  call  the  surface  of  stress.  In  the  cue  of  a  plane  frame  the 
surface  of  stress  is  a  plane-faced  polyhedron,  of  which  the  frame  is 
the  projection.  On  another  plane,  parallel  to  the  sheet,  let  a  per- 
pendicular be  erected  of  height  unity,  and  from  the  extremity  of 
this  perpendicular  let  a  liue  be  drawn  normal  to  the  tangent 
plane  at  a  point  of  the  surface  of  stress,  and  meeting  the  plane  at 
a  certain  point. 

Thus,  if  points  be  taken  in  the  plane  sheet,  corresponding  points 
may  be  found  by  this  process  in  the  other  plane,  and  if  both  points 
are  supposed  to  move,  two  corresponding  lines  will  be  drawn,  which 
have  the  following  property : — The  resultant  of  the  whole  stresa 
exerted  by  the  part  of  the  sheet  on  the  right  hand  side  of  the  line 
on  the  left  hand  side,  is  represented  in  direction  and  magnitude 
by  the  line  joining  the  extremities  of  the  corresponding  line  in 
the  other  figure.  In  the  case  of  a  plane  frame,  the  corresponding 
figure  is  the  reciprocal  diagram  described  above. 

From  this  property  the  whole  theory  of  the  distribution  of  stress 
in  equilibrium  in  two  dimensions  may  be  deduced, 

Iq  the  most  general  case  of  three  dimensions,  we  must  use  tlwee 
8Uchfunctions,and  the  method  becomes  cumbrous.  Ihave,bowever, 
used  these  functions  in  forming  equations  of  equilibrium  of  elastic 
solids,  in  which  the  stresses  are  considered  as  the  quantities  to  be 
determined,  instead  of  the  displacements,  as  in  the  ordinary  form. 

These  equations  are  especially  useful  in  tbe  cases  in  which  we 
wish  to  determine  the  etreeses  in  uniform  beams.  The  distribution 
of  stress  in  such  cases  is  determined,  as  in  all  other  cases,  by  the 
elastic  yielding  of  tbe  material ;  but  if  this  yielding  is  small  and 
the  beam  uniform,  the  stress  at  any  point  will  be  the  same,  what- 
ever be  the  actual  value  of  the  elasticity  of  the  substance. 

Hence  the  coefficients  of  elasticity  disappear  from  the  ultimate 
values  of  the  stresses. 

In  this  way  I  have  obtained  values  for  the  stresses  in  a  beam 
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supporteil  in  a  BpeciGed  way,  which  differ  only  by  small  qiisDtities 
from  the  valuea  obtained  by  Mr  Airy,  by  a  method  inrolving  cer- 
taio  aesumptiotiB,  which  were  iQtroduc«d  in  order  to  avoid  the  cou- 
sideration  of  elastio  yielding. 

2.  On  the  Extension  of  BrouQcker's  Method. 
By  Edward  Sang,  Esq. 

The  operation  in  use  by  the  ancient  geometers  for  finding  the 
numerical  expreesion  for  the  ratio  of  two  quantities,  was  to  repeat 
each  of  tbem  until  some  multiple  of  the  one  agreed  with  a  multiple 
of  the  other;  the  numbers  of  the  repetitions  being  inversely  pro- 
portional to  the  magnitudes. 

The  modem  process,  introduced  by  Lord  Btouncker,  under  the 
name  of  continued  fractions,  is  to  seek  for  that  submultiple  of  the 
ono  whicli  may  be  contaiued  exactly  in  the  other;  the  numbers 
being  then  directly  proportional  to  the  quantities  compared. 

On  applying  this  method  to  the  roots  of  qnadratic  equations,  the 
integer  parts  of  the  denominators  were  found  to  recur  in  periods ; 
and  Lagrange  showed  that,  while  all  irrational  roots  of  quadratics 
give  recurring  chain -fractions,  every  recurring  chain- fraction  ex- 
presses the  root  of  a  quadratic ;  and  hence  it  was  argued  that  this 
phenomenon  of  recurrence  is  exhibited  by  quadratic  equations  alone. 

The  author  of  this  paper  had  supplemented  Lagrange's  proposi- 
tion, by  showing  that  when  the  progression  of  fractions  converging 
to  one  root  of  a  quadratic  is  continued  backwards,  the  convergence 
is  toward  the  other  root.  The  singularity  of  this  exclusive  property 
of  quadratic  equations  led  him  to  consider  whether  some  analogous 
property  may  not  be  possessed  by  equations  of  higher  degrees. 
Putting  aside  the  idea  of  the  chain -fraction  as  being  merely  acci- 
dental to  the  subject,  and  attending  to  the  series  of  converging 
fractions,  he  came  upon  a  kind  of  recurrence  which  extends  to  - 
equations  of  all  orders ;  and  which  proceeds  by  operating  on  two, 
three,  or  more  contiguous  terms  according  to  the  rank  of  the  equa- 
tion. In  this  way  a  ready  means  of  approximating  to  the  greatest 
and  to  the  least  root  of  any  equation  was  obtained. 

The  following  oases  were  cited : — 

If  we  begin  with  the  terms  -,  -  ,  and  form  a  progressioD  by 
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adding  the  Teepective  membere  of  the  preceding  term  to  thedonblea 
of  those  of  the  last,  tbns — 


1     1     3    7    17    41     99     : 

0'   1'    2'   5'   12'   29'   70'    : 


&c. 


we  form   the  well-linown  seriea  converging  to  the  ratio  of  the 
diagonal  of  a  sqnare  to  the  Bide. 

Bepnning  with  the  tonne  0, 1,  if  we  add  together  the  last  two, 
thus — 

0, 1,  1,  2,  3,  5,  8, 13,  21,  34,  55,  89, 4c., 
each  tenn  bears  to  the  succeeding  one  a  ratio  approaching  to  that 
of  the  side  of  a  regular  pentagon  to  the  diagonal  thereof. 

If  we  assntne  the  three  terms  0,  0,  1,  and  coDtinue  the  progres- 
sion by  adding  to  the  double  of  the  last  term,  the  difierence  of  the 
two  preceding  ones,  thas — 

0, 0, 1,  2,  5, 11,  25,  56, 120,  283,  636, 1429,  &c., 
the  ratio  of  each  term  to  the  followiug  approaches  to  that  of  the 
side  to  the  greater  diagonal  of  a  regular  heptagon. 

Or  ^ain,  beginning  with  the  same  three  terms,  if  we  form  a 
progression  by  deducting  the  antepenult  from  the  triple  of  the  last 
term,  tbns — 

0,  0, 1,  3,  9,  26, 75,  216,  022,  1791,  5157,  Ac, 
we  obtain  an  approximation  to  the  ratio  of  the  side  to  the  longest 
diagonal  of  a  regular  enneagon. 

From  these  examples  it  would  appear  that  important  results  may 
be  expected  from  the  study  of  this  branch  of  Lt^stics,  Now,  the 
roots  of  quadratics  were  reached  by  the  comparison  of  two  magni- 
tudes, wherefore  those  of  cubics  may  result  from  the  comparison  of 
three  in  common  surables ;  and  analogously  for  equations  of  higher 
degrees.  The  comparison  of  several  magnitudes  thus  forms  the 
sabject  of  the  paper. 

Assuming  three  homogeneous  quantities,  A,  B,  G,  arranged  in 
the  order  of  their  magnitudes,  we  take  the  second  B  as  often  as 
possible  from  the  greatest  A,  and  obtain  a  remainder  less  than  B; 
this  remainder  may  or  may  not  he  greater  than  C.  If  it  be  greater, 
we  take  C  aa  often  as  possible  from  it,  and  obtain  a  remainder  D 
less  than  C,  the  least  of  the  three  quantities.    B,  C,  D  may  now  be 
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treated  ia  the  same  wa^,  and  thus  we  form  a  serieB  of  eqnationa — 
A  =  p,B  +  j,C  +  D 
B  =  p,C  +  j,D  +  E 
C  =  PjD  +  2^  +  F,  &Ct 
in  vhich  p  can  never  be  zero,  while  2  may  be  bo. 

Id  order  to  compute,  by  help  of  these  quotients,  the  approximate 
ratios  of  A,  B,  C,  we  may  put  A„  A„  A„  && ;  B^  B„  B„  Ac. ;  C„ 
C„  C„  &c.,  for  the  corresponding  successiTe  values,  and  then  we 
obtain  the  equations — 

A,+i  =  p„+i  A«  +  5,  A.-i  +  A,-,, 

B.+1  =p,+i  B„  +  9-,  B,_i  +  B._,, 

C+i  =p,+i  C.  +  2,  C»-i  +  C.-a, 

which  indicate  a  very  simple  arraDgement,  best  studied  from  an 

example.    Thus,  if  the  successive  equations  were — 

A  =  2.B  +  l.C  +  D 

B  =  3.C  +  2.D  +  E 

C  =  2.D  +  0.E  +  F 

D  =  3.E  +  l.P  +  G 

E  =  2.F  +  2.G  +  H 

F  =  3.G  +  0.H  +  1 

G  =  2.H  +  1.1   +  K 

H  =  3.1   +  2.K  +  L,  &c. 

wo  ehonld  write  the  valaee  of  p,  q,  1  in  horizontal  lines  as  in  the 

accompanying  acheme;  and  the  successive  approximate  values  of 

A,  B,  C  in  lines  below  them.    Unit  being  written  as  the  first  value 

of  A  under  p„  which  in  this  case  is  2,  we  multiply  this  by  2,  and 


2 
P 

I 
I 
2 

1 
2 
3 

1 
0 
2 

7 
3 
1 

1 
1 
3 

1 

S 
2 

1 
0 
3 

1 
1 

2 
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2 
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1 
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write  the  product  in  the  column  containing  p^,  q,.  We  then 
multiply  the  newly  fonnd  A  by  the  p  above  it;  the  preceding  A 
by  its  q,  that  is  in  this  case  3.2  and  1.1,  and  write  the  Bum  7  as 
the  third  value  of  A.  Again,  taking  the  Eum  of  the  products 
PjAj,  2,A^  and,  as  we  may  call  it  for  generality's  sake,  r,A„  we 
have  2.7  -|-  2.2  +  1.1  =  19  for  A^.  In  this  way  we  obtain  the 
Buccessive  values  of  A. 

The  values  of  B  are  found  in  the  same  way,  observing  that 
B,  =  0,  B,  =  1.  So  also  are  the  valaea  of  C,  and  if  it  be  wished, 
those  of  D,  E,  F,  ice,  obtained,  the  first  effective  term  being  de- 
layed a  step,  as  shown  in  the  scheme. 

This  method  wae  applied  to  the  three  irrational  quantities,  log  5, 
log  3,  and  log  2;  and  the  results  were  used  in  explaining  the  doc- 
trine  of  musical  temperaments. 

When  two  quantities  only  are  compared,  it  is  well  known  that 
the  cross  products  of  the  adjoining  fractions  differ  by  unit,  or  that, 
taking  three  contiguous  terms,  such  bh — 

=*,  ^,  _',  we  have  the  equation, 

A,B,  -  A.B,  =  -  A,B,  +  A.B,, 

which  may  be  expressed,  according  to  Cayley's  notation  of  deter- 
minants— 


In  the  very  same  way,  when  three  magnitudes  are  compared, 
we  have  the  equation — 

I  A,  A,  A  J  I  A,  A,  A,  I 

B,  B,  B.     =  +     B,  B.  B,     =  +  1 . 

I  C,  Cj  cj  I  C.  C,  C.  I 

that  is  to  say,  this  determinant  is  unit  throughout. 

The  extension  of  this  method  to  more  than  three  quantities  is 
easy.  In  conclusion,  an  opinion  was  expressed,  that  as  the  Brounc- 
kerian  process  applied  to  two  magnitudes  has  already  thrown  great 
light  on  the  doctrine  of  squares,  this  extension  of  it  may  be 
expected  to  do  as  much  for  the  still  higher  departments  of  the 
theory  of  numbers. 
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3.  On  the  Forces  experienced  by  Solids  immersed  in  a 
Moving  Liquid.    By  Sir  William  Thomson. 

Cyclic  irrotational  motion,*  [§  60  (x)  ]  once  eetabliBhed  through  an 
aperture  or  apertures,  Id  a  movable  solid  immersed  in  a  liquid, 
continues  for  ever  after  with  circulation  or  circulations  unchanged, 
[§60  (a)]  however  the  solid  be  moved,  orhent,  and  whatever  influ- 
ences experienced  from  other  bodies.  The  solid,  if  rigid  and  left 
at  rest,  mugt  clearly  continue  at  rest  relatively  to  the  fluid  sur- 
rounding it  to  an  infinite  distance,  provided  there  be  no  other  Bolid 
within  an  infinite  distance  from  it.  But  if  there  be  any  other  solid  or 
solids  at  rest  within  any  finite  distance  from  the  first,  there  will  be 
mutual  forces  between  them,  which,  if  not  balanced  by  proper 
application  of  force,  will  cauBO  them  to  move.  The  theory  of  the 
equilibrium  of  rigid  bodies  in  these  circumstances  might  be  called 
Eineti  CO -statics ;  but  it  is  in  reality  a  branch  of  physical  statics 
simply.  For  we  know  of  no  case  of  true  statics  in  which  some  if 
not  all  of  the  forces  are  not  due  to  motion ;  whether  as  in  the  case 
of  the  hydrostatics  of  gases,  thanks  to  Clausius  and  Maxwell,  we 
perfectly  understand  the  character  of  the  motion,  or,  as  in  the  statics 
of  liquids  and  elastic  solids,  we  only  know  tbat  some  kind  of  mole- 
cular motion  is  essentially  concerned.  The  theorems  wbicb  I  now 
propose  to  bring  before  the  Royal  Society  regarding  the  forces  ex- 
perienced by  bodies  mutually  influencing  one  another  through  the 
mediation  of  a  moving  liquid,  though  they  are  but  theorems  of  ab- 
stract hydrokinetics,  are  of  some  interest  in  physics  as  illustrating 
the  great  question  of  the  18th  and  I9th  centuries : — Is  action  at  a  dis- 
tance a  reality,  or  is  gravitation  to  be  explained,  as  we  now  believe 
magnetic  and  electric  forces  must  be,  by  action  of  intervening  matter? 

I.  (Proposition.)  Consider  first  a  single  fixed  body  with  one  or 
more  apertures  through  it ;  as  a  particular  example,  a  piece  of 
straight  tube  open  at  each  end.  Let  there  be  irrotational  circula- 
tion of  the  fluid  through  one  or  more  such  apertures.    It  is  readily 

■  The  TefereDcw  g§  witbont  farther  tiUe  aie  to  the  aatbor't  paper  on 
VuTtez  HotioD,  receatlj  published  in  tbe  Ttausectioiu  (16G9),  which  contaiua 
defiDitioDB  of  all  the  new  toniiB  need  in  the  praaent  article.  Praofi  of  inch 
of  the  propositiona  now  enunciated  as  require  proof  are  to  be  found  in  a  eon- 
tiunatioD  of  that  paper. 
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proved  [ftom  §  63  Exam.  (2.)  ]*  that  the  velocit;  of  the  fluid  at  any 
point  in  th«  neigbbonibood  agrees  in  magnitude  and  direction  with 
the  teoaltant  electro-mag:aetic  force,  at  the  correBpondiug  point,  in 
the  neighbourhood  of  an  eleotro-magnet  replacing  the  solid,  con- 
atracted  according  to  the  following  epecifioation.  The  "  core,"  on 
whioh  the  "  wire  "  is  wound,  is  to  be  of  aoy  material  having  infinite 
diamt^etic  induotive  capacity,!  ^°^  ie  to  be  of  the  eame  size  and 
shape  as  the  solid  immersed  in  the  fluid.  The  wire  is  to  form  an 
infinitely  thin  layer  or  layers,  with  one  circuit  going  round  each 
apertnre.  The  whole  strength  of  current  in  each  ciicnit,  reckoned 
in  ahsolnte  electro-magnelio  measure,  is  to  he  equai  to  the  circnlation 
of  the  fluid  through  that  apertnre  divided  hj  V4ir.  The  resultant 
eloctro-magnetio  force  at  any  point  will  be  nnmerically  eqoal  to 
the  resultant  fluid  velocity  at  the  corresponding  point  in  the 
hydrokinetic  system,  multiplied  by  Viir. 

Thus,  considering,  for  example,  tbe  particnlar  case  of  a  straight 
tube  open  at  each  end,  let  the  diameter  be  infinitely  small  in  com- 
parison with  the  length.  Tbe  "  circulation  "  will  exceed  by  but  an 
infinitely  small  quantity  the  product  of  the  velocity  within  the 
tube  into  the  length.  In  the  neighbourhood  of  each  end,  at  dis- 
tances from  it  great  in  compaiiaon  with  the  diameter  of  the  tube  and 
short  in  comparison  with  the  length,  the  stream  lines  will  be  straight 
lines  radiating  from  the  end.  The  velocity,  outwards  from  one  end 
and  inwards  towards  the  other,  will  therefore  be  inversely  as  the 
flqnare  of  the  distance  from  the  end.  Generally  at  all  considerable 
distances  from  the  ends,  the  distribution  of  fluid  velocity  will  he  the 
same  as  that  of  the  magnetic  force  in  the  neighbourhood  of  an  infi- 
nitely thin  bar  longitudinally  magnetised  uniformly  from  end  to  end. 

Merely  ae  regards  tbe  comparison  between  fluid  velocity  and  re- 
sultant magnetic  forces,  Euler'a  fanciful  theory  of  magnetism  is  thus 
curiously  illustrated.  This  comparison,  which  has  been  long  known 
as  part  of  the  coTrelation  between  the  mathematical  theories  of  elec- 

*  Or  rrom  Heboholtz's  original  Integratian  of  the  fajdrokiiiatia  eqnatioiu. 

t  Beal  dlamagnetio  mbatances  are,  aoeording  to  Faraday's  very  eipreuiTe 
language,  lelatively  to  liaes  of  magnetic  force,  wtru  eondaetort  tliui  nir. 

The  ideal  rabetance  of  infinite  diamagnetic  indnotiTe  capacity  is  a  Bubatanoe 
which  eompletely  thti*  oS  lines  of  magnetio  foice,  or  vhicb  is  perfectly  itn- 
perviooa  to  itiasfteiit  f»tt. 
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tricitf,  magnetiBiu,  conduction  of  haat,  and  hydrokinetics,  is  merely 
kinematical,  not  dynaniical.  Wlien  we  pasa.as  ve  presently  shall, 
to  a  etrictly  dynamical  comparison  relatively  to  the  mutnal  force 
betveen  two  hard  steel  magnets,  we  shall  find  the  same  law  of 
mutnal  action  between  two  tubes,  with  liquid  flowing  through  each, 
but  with  this  remarkable  difference,  that  the  forces  are  opposite  in 
the  two  cases ;  unlike  poles  attracting  and  like  poles  repelling  in 
the  magnetic  system,  while  in  the  hydrokinetio  there  is  attraction 
between  like  ends  and  repulsion  between  unlike  ends. 

II,  (Proposition.)  Consider  two  or  more  fixed  bodies,  snch  ss  the 
one  described  in  Prop.  I.  The  mutnal  actions  of  two  of  these 
bodies  are  equal,  bnt  in  opposite  directions,  to  those  between  the 
corresponding  electro -magnets.  The  particular  instance  referred  to 
above  shows  us  the  remarkable  result,  that  through  fluid  pressure 
we  can  have  a  system  of  mutual  action,  in  which  like  attracts  like 
with  force  varying  inversely  as  the  square  of  the  distance.  Thus, 
if  the  esit  ends  of  tubes,  open  at  each  end  with  fluid  flowing  through 
them,  be  placed  in  the  neiglibourhood  of  one  another,  and  the  enter- 
ing ends  be  at  infinite  distances,  the  mutual  forces  resulting  will  be 
simply  attractionsaccordingto  this  law.  The  lengtlis  of  the  tubes  on 
this  supposition  are  iafinitety  great,  and  therefore,  as  is  easily  proved 
from  the  conservation  of  energy,  the  quantities  flowing  out  per  unit 
of  time  are  but  infiniteeimally  affected  by  the  mutual  influence. 

III.  Proposition  II.  holds,  even  if  one  of  the  bodies  considered 
be  merely  a  solid,  with  or  without  apertures;  if  with  apertures, 
having  no  circulation  through  them.  In  such  a  case  as  this  the 
corresponding  magnetic  system  consists  of  a  magnet  or  electro- 
magnet, and  a  merely  diamagnetic  body,  not  itself  a  magnet,  but 
disturbing  the  distribution  of  magnetic  force  around  it  by  its  dia- 
magnetic influence.  Thus,  for  esample,  a  spherical  solid  at  rest 
in  the  field  of  motion  surrounding  a  fixed  body,  through  apertures 
in  which  there  is  cyclic  irrotational  motion,  will  experience  from 
fluid  pressure  a  resultant  force  through  its  centre  equal  and  op- 
posite to  that  experienced  by  a  sphere  of  infinite  diamagnetic  capa- 
city, similarly  situated  in  the  neighbourhood  of  the  corresponding 
electro-magnet.  Therefore,  according  to  Faradny's  law  for  the  lat- 
ter, and  the  comparison  asserted  in  Prop,  I.,  it  would  experience  a 
force  from  places  of  less  towards  places  of  greater  fluid  velocity, 
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irrespectively  of  tbe  direction  of  the  stream  lines  in  its  neighbonr- 
hood ;  a  reEuU  easily  deduced  from  tbe  elementary  formula  for  fluid 
pressure  io  bydroklDctics. 

I  bave  long  ago  sbown  that  ed  elongated  diamagnetic  body  in  a 
uniform  magnetic  field  teo'ls,  as  tends  an  elongated  ferromagoetio 
body,  to  place  its  length  along  tbe  lines  of  force.  Hence  a  long 
solid,  pivoted  on  a  fixed  axis  through  its  middle  in  a  uniform  stream 
of  liquid,  teods  to  place  its  length  perpendicularly  across  the  direc- 
tion of  motion ;  a  known  result  (Thomson  ilc  Tait's  "  Natural  Philo- 
^F'^Ji"  §  335).  Again,  two  globes  held  in  a  uniform  stream  with 
tbe  lines  joining  tbeir  centres,  require  force  to  prevent  them  from 
mutually  approaching  one  another.  In  tbe  magnetic  analogue,  two 
epbereB  of  diamagnetic  or  ferromagnetic  inductive  capacity  repel 
one  another  when  held  in  a  line  at  right  angles  to  the  lines  of 
force.  A  bydrokinetic  result  similar  to  this  for  tbe  case  of  two 
equal  globes,  is  to  be  found  in  Thomson  and  Tait's  "  Natural  Fbilo- 
eophy,"  5  332. 

IV.  (Proposition.)  If  the  second  body  considered  in  §  HI.,  that  is 
to  say,  a  body  either  having  no  apertures,  or,  if  perforated,  having 
no  circulation  through  the  aperturee,  be  acted  on  by  one  system  of 
forces  applied  so  as  always  to  balance  the  resultant  of  tbe  fluid 
pressure,  calculated  for  it  according  to  II.  and  III.  for  whatever 
position  it  may  come  to  at  any  time,  and  if  it  be  influenced,  besides 
by  any  other  system  of  applied  forces,  superimposed  on  tbe  former, 
it  will  move  just  as  it  would  move,  under  the  influence  of  the  latter 
system  of  forces  alone,  were  tbe  fluid  at  rest,  except  in  so  far  as 
compelled  to  move  by  the  body's  own  motion  tbrough  it,  A  parti- 
cular case  of  this  proposition  was  first  published  many  years  ago,  by 
Professor  James  Thomson,  on  account  of  which  he  gave  the  name 
of  "  vortex  of  free  mobility  "  to  tbe  cyclic  irrotational  motion  sym- 
metrical round  a  straight  axis. 

4.  On  the  Equilibrium  of  Vapour  tit  a  Curved  Surface  of 
Liquid.  By  Sir  William  Thomson. 
In  a  closed  vessel  containing  only  a  liquid  and  its  vapour,  all  at 
one  temperature,  tbe  liquid  rests,  with  its  free  surface  raised  or 
depressed  in  capillary  tubes  and  in  tbe  neighbourhood  of  the  solid 
boundary,  in  permanent  equilibrium  according  to  the  same  law  of 
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relation  between  curvature  and  pressure  aa  iu  veeeels  open  to  tbe 
air.  The  permanence  of  this  equilibrium  implies  pbyaical  eqni- 
librium  between  tbe  liquid  and  the  vapour  in  contact  with  it  at  all 
parts  of  its  surface.  But  tbe  pressure  of  tbe  vapour  at  different 
levels  differs  according  to  hydrostatic  law.  Hence  tbe  pressnie  of 
saturated  vapour  in  contact  with  a  liquid  differs  according  to  tbe 
outvatore  of  tbe  bouBding  surface,  being  less  when  the  liquid  ia 
concave,  and  greater  when  it  is  convex.  And  detached  portions  of 
the  liquid  in  separate  vessels  all  enclosed  in  one  containing  vessel, 
cannot  remain  permanently  with  their  free  surfaces  in  any  other 
relative  positions  than  those  they  would  occupy  if  there  were  hydro- 
static communication  of  pressure  between  the  portions  of  liquid 
in  the  several  vessels.  There  must  be  evaporation  from  those 
surfaces  which  are  too  high,  and  condensation  into  the  liquid  at 
those  surfaces  which  are  too  low — a  process  which  goes  on  nntil 
hydrostatic  equilibrium,  as  if  with  free  communication  of  praesuze 
from  vessel  to  vessel,  is  attained.  Thns,  for  example,  if  there  are 
two  large  open  vessels  of  water,  one  considerably  above  the  other 
in  level,  and  if  the  temperature  of  tbe  surrounding  matter  is  kept 
rigorously  constant,  tbe  liquid  in  the  higher  vessel  will  gradnally 
evaporate  until  it  is  all  gone  and  condensed  into  the  lower  T^eel. 
Or  if,  as  illustrated  by  the  annexed  diagram,  a  capillary  tube,  with 
a  small  quantity  of  liquid  occupying  it  from  its  bottom  op  to  a 
cerlain  level,  be  placed  in  tbe  neighbourhood  of  a  quantity  of  tbe 
same  liquid  with  a  wide  free  surface,  vapour  will  gradually  becrane 
condensed  into  the  liquid  in  the  capillary  tube  until  the  level  of 
the  liquid  in  it  is  the  some  as  it  would  be  were  the  lower  end  of 
the  tube  in  hydrostatic  communication  with  the  large  maaa  of 
liquid.  Whether  aii  be  present  above  the  free  suifoce  of  the 
liquid  in  the  several  vessels  or  not,  the  condition  of  ultimate 
equilibrium  is  the  same;  but  the  processes  of  evaporation  and 
condensation  through  which  equilibrium  is  approached  will  be 
very  much  retarded  by  the  presence  of  air.  The  experiments  of 
G-raham,  and  the  kinetic  theory  of  Glausins  and  Uaxwell,  scarcely 
yet  afford  us  sufGcient  data  for  estimating  the  rapidity  with  which 
tbe  vapour  proceeding  firom  one  of  the  liquids  will  diffuse  itself 
through  the  air  and  reach  tbe  surface  of  another  liquid  at  a  lown 
level.    With  air  at  anything  approaching  to  ordinary  atraoBphoic 
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density  to  resist  the  procees,  it  is  probable  it  vould  be  too  elow  to 
ebow  %ay  results  onless  in  very  long  continaed  experiments.  Bnt 
if  the  air  be  lemoved  as  perfectly  as  can  ba  done  by  woU-known 
practioal  methods,  it  is  probable  that  the  procees  will  be  very 
rapid:  it  would,  indeed,  lie  inetantaiieoiiB,  were  it  not  for  the  cold 
of  evaporation  in  one  Tessel  and  the  heat  of  condeDBation  in  the 
other.  PiacticsUy,  then,  the  rapidity  of  the  process  towards 
hydrostatic  eqnilibrium  through  vapour  between  detached  liquids, 
depends  on  the  rate  of  tbe  oondnotion  of  heat  between  the  seTeral 
surfaces  throagh  iatenening  aoUds  and  liquids.    Withont  having 


made  either  the  experiment,  or  any  calonlatione  on  the  rate  of  con- 
dnctioQ  of  heat  in  the  circumstanceBj  I  feel  connnced  that  in  a 
very  short  time  water  would  Tieibly  rise  in  the  capillary  tube  indi- 
cated in  the  diagram,  and  that,  provided  care  is  taken  to  maintain 
equality  of  temperature  all  over  the  snrface  of  the  hermetically 
sealed  veSMl,  the  liquid  in  the  capillary  tnhe  would  soon  take  very 
nearly  the  same  level  as  it  would  have  vera  its  lower  end  open ; 
nnking  to  this  level  if  tbe  oapillary  tube  were  in  the  beginning  filled 
too  fnli,  or  rising  to  it  if  (as  indicated  in  the  diagram)  there  is  not 
•Dongh  of  Uipad  in  it  at  flnt  to  falfil  the  Modilion  of  equilibrium. 
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Tlie  following  formuln  bIiow  precisely  tbs  relationa  between 
cnrratnres,  difTerencee  of  level,  and  differences  of  preBsuie,  with 
which  we  are  concerned. 

Let  p  be  the  density  of  the  liquid,  and  tr  that  of  the  vapour ;  and 
let  T  he  the  coheBive  tension  of  the  free  surface,  per  unit  of  breadth, 
in  tennB  of  weight  of  unit  mass,  as  unit  of  force.  Let  h  denote 
the  height  of  any  point,  F,  of  the  free  surface  above  a  certain  plane 
of  reference,  which  I  sball  call  for  brevity  the  plane  level  of  the 
free  surface.  This  will  be  senBihly  the  actual  level  of  the  free 
surface  in  regions,  if  there  are  any,  with  no  part  of  the  edge  (or 
bonnding  line  of  the  free  surface  where  liquid  ends  and  solid 
begins)  at  a  less  distance  than  several  centimetres.  Lastly,  let 
r  and  /  be  the  principal  radii  of  curvature  of  the  surface  at  P. 
By  Laplace's  well-known  law,  we  have,  as  the  equation  of  equi- 
librium, 

0.-^)4.  T(i  +  i)  ...      a)- 

Now,  in  the  space  occupied  by  vapour,  the  pressure  is  less  at  the 
higher  than  at  the  lower  of  two  points  whose  difference  of  levels  is  A, 
by  a  difference  equal  to  <rh.  And  there  is  permanent  equilibrium 
between  vapour  and  liquid  at  all  points  of  the  free  surface.  Hence 
the  pressure  of  vapour  in  equilibrium  is  lees  at  a  concave  than  at  a 
plane  surface  of  liquid,  and  less  at  a  plane  surface  than  at  a  con- 
To- 
vex  surface,  by  differences  amounting  to per  unit  difference 

of  curvature.    That  is  to  say,  if  tr  denote  the  pressure  of  vapour  in 
equilibrium  at  a  plane  surface  of  liquid,  and  p  the  pressure  of 
vapour  of  the  same  liquid  at  the  same  temperature  presenting  a 
curved  surface  to  the  vapour,  we  have 
Tff  n 


— -i^a*^)  ■  ■  (^^ 


-  and  J  being  the  curvatures  in  the  principal  sections  of  the  sur- 
face bounding  liquid  and  vapour,  reckoned  positive  when  concave 
towards  the  vapour. 

In  strictness,  the  value  of  <r  to  be  used  in  these  equations,  (1) 
and  (2),  ought  to  be  the  mean  density  of  a  vertical  column  of 
vapour,  extending  through  the  height  h  from  the  plane  of  reference: 
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But  in  all  caaee  to  which  we  can  practically  apply  the  formnln, 
according  to  present  knowledge  of  the  properties  of  mafter,  the 
difference  of  deoBitiea  in  thle  column  ia  very  email,  and  may  be 
neglected.  Hence,  if  H  denote  the  height  of  an  imaginary  homo- 
geneous fluid  above  the  plane  of  reference,  which,  if  of  the  same 
density  as  the  vapour  at  that  plane,  would  produce  by  its  weight 
the  actual  presBure  v,  we  have 

"^^  H  ■ 
Hence  by  (1)  and  (2) 


.  =  .(l-i)      .        .        .        (B). 


For  vapour  of  water  at  ordinary  atmospheric  temperatures,  H  is 
about  1,300,000  centimetres.  Hence,  in  a  capillary  tube  which 
would  keep  water  up  to  a  height  of  13  metres  above  the  plane 
level,  the  curved  surface  of  the  water  is  in  equilibrium  with  the 
vapour  in  contact  with  it,  when  the  pressure  of  the  vaponr  ia  less 
by  about  f^^th  of  its  own  amount  than  the  pressure  of  vapour  in 
equilibrium  at  a  plane  surface  of  water  at  the  same  temperature. 

For  water  the  value  of  T  at  ordinary  temperatures  is  about  '08  of 
a  gramme  weight  per  centimetre;  and  p,  being  the  mean  of  a 
cubic  centimetre,  in  grammes,  is  linity.  The  value  of  a  for  vapour 
of  wat«r,  at  any  atmospbciiQ  temperature,  is  so  small  that  we  may 
neglect  it  altogether  in  equation  (1),  In  a  capillary  tube  thoroughly 
wet  with  water,  the  free  surface  is  sensibly  hemispherical,  and 
therefore  r  and  r'  are  each  equal  to  the  radius  of  the  inner  surface 
of  the  liquid  film  lining  the  tube  above  the  free  liquid  surface;  we 
have,  therefore, 


Hence,  if  &  =  1300  centimetres,  r  =  00012  centimetres.  Tliere  can 
be  no  doubt  but  that  Laplace's  theory  is  applicable  without  serious 
modification  even  to  a  case  in  which  the  curvature  is  bo  great  (or 
radius  of  curvature  so  small)  as  this.  But  in  the  present  state  of 
our  knowledge  we  are  not  entitled  to  push  it  much  further.  The 
molecular  forces  assumed  in  Laplace's  theory  to  be  "  insensible  at 
sensible  distances,"  are  certainly  but  little,  if  at  all,  sensible  at 
distances  equal  to  or  exceeding  the  wave  lengths  of  ordinary  light. 
This  is  directly  proved  by  the  most  cursory  observation  of  soap 
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bnbblea.  But  the  appeaiances  preBented  by  the  black  spot  wbioh 
ahmptly  ends  the  aeries  of  colonra  at  places  where  the  bubble 
ia  thinneat  before  it  breaka,  make  it  qaito  certain  that  the  actiiHi 
of  tboae  foioea  becomes  sensible  at  diatancas  not  much  len  than  a 
half  wave  length,  or  77^  of  a  oeatimetre.  There  is,  indeed, 
mncb  and  multifariona  evidence  that  in  ordinary  solids  and  liquids, 
not  merely  the  distanoea  of  sensible  inter-molecular  action,  bat  the 
linear  dimensions  of  the  molecules  tfaemBelTea,  and  the  average 
distance  from  centre  to  nearest  centroj*  are  but  very  moderately 
small  in  comparison  vith  the  wave  lengths  of  light.  Some 
approach  to  a  definite  eatimate  of  the  dimensions  of  molecules 
is  dedncible  from  Glansina'  theory  of  the  average  spaces  travelled 
without  collision  by  molecules  of  gases,  and  Maxwell's  theory 
and  experiments  regarding  the  viscosity  of  gaees.  Having 
perfect  confidence  in  the  gubstautial  reality  of  the  views  which 
these  grand  investigations  have  opened  to  us,  I  find  it  scarcely 
poBsible  to  admit  that  there  can  be  as  many  as  lO**  molecules  in 
a  cubic  centimetre  of  liquid  carbonic  acid  or  of  water.  This  makes 
the  average  distance  from  centre  to  nearest  centre  in  the  liquids 
exceed  a  thouBand-millionth  of  a  centimetre  1 

We  cannot,  then,  admit  that  the  Jbrmvia  which  I  have  given 
above  are  applicable  to  express  the  law  of  equilibrium  between  the 
moisture  retained  by  vegetable  substances,  such  as  cotton  cloth  or 
oatmeal,  or  wbeat-flour  biscuits,  at  temperatniea  far  above  the 
dew  point  of  the  aurrounding  atmoaphere.  But  although  the 
energy  of  the  attraction  of  some  of  these  snbBtances  for  vaponr 
of  water  (when,  for  example,  oatmeal,  previously  dried  at  a  high 
temperature,  has  been  used,  as  in  the  original  experiment  of  Sir  J. 
Leslie,  to  produce  the  freezing  of  water  under  the  receiver  of  an  air- 
pump),  is  80  great  that  it  might  almost  claim  recoguition  from 
ohemista  aadue  toa  "chemical  affinity,"  and  resulting  in  a  "chemi- 
cal combination,"  I  believe  that  the  aloorption  of  vapour  into 
fibrous  and  cellular  organic  structures  is  a  property  of  matter 
continuoua  with  the  abaorption  of  vapour  into  a  capillary  tube 
demonstrated  above. 

'  B7  "BVemge  diatatice  from  centre  to  aeareBt  centre,"  I  mean  the  ilde  of 
the  onbe  in  a  oubio  arrangeiaent  of  a  nnmber  of  pidiits  pqnkl  to  the  nnmbeT 
or  real  moleciilM  in  aaj'  apace. 
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5.  Oq  a  Bow  Been  on  the  Surface  of  Ice.     By  J.  Clerk 
Maiwell,  Esq.,  F.R.SS.  L.  &  E. 

On  tbe  26th  of  January,  about  Doon,  I  observed  the  appearance 
of  a  coloured  bow  od  the  frozen  surface  of  the  ditch  which  Bur- 
ronnda  S.  John's  College,  Cambridge.  Its  appearance  and  position 
seemed  to  correspond  with  those  of  an  ordinary  primary  rainbow. 
I  at  once  made  a  rough  measurement  of  the  angle  on  the  board  of 
a  book  which  I  had  with  me,  and  then  borrowed  from  Dr  Parkin- 
son, President  of  S.  John's  College,  a  sextant,  with  which  I  found 
that  the  angle  between  the  bright  red  and  the  shadow  of  the  large 
mirror  was  41°  50',  and  that  for  bright  blue  40°  SO*.  The  angle 
for  the  extreme  red  of  the  primary  bow,  as  given  in  Parkinson's 
Optica,  ifl  42°  20',  and  that  for  violet  40°  32'.  The  bows  formed  by 
ice  crystals  are  seen  on  the  same  side  as  the  sun,  and  not  on  the 
opposite  side,  I  suppose  the  bow  which  I  saw  to  be  formed  by 
small  drops  of  water  lying  on  the  ice.  If  the  lower  part  of 
eaoh  drop  were  flattened,  ao  as  to  bring  the  point  at  which  the 
reflexion  takes  place  nearer  to  the  points  of  incidence  and  emer- 
gence, the  effect  would  be  of  the  same  kind  as  that  of  a  diminution 
of  the  index  of  refraction — that  is,  the  angle  of  the  bow  would  be 
increased.  How  a  drop  of  water  can  lie  upon  ice  without  wetting 
it,  and  losing  its  shape  altogether,  I  do  not  profess  to  explain. 

Only  a  small  part  of  the  ice  presented  this  appearance.  It  was 
best  seen  when  the  incident  and  emergent  rays  were  nearly  equally 
inclined  to  the  horizontal.  The  ice  was  very  thin,  and  I  was  not 
able  to  get  near  enough  to  the  place  where  the  bow  appeared  to 
see  if  the  supposed  water  drops  really  existed. 

The  following  Gentlemen  were  admitted  Fellows  of  the 
Society : — 

W,  E.  Eeathfibld,  Esq.,  P.B.G.S.,  F.C.S. 
Edwabd  James  Shearuih,  M.D.,  P.lt.C.S.L. 
Patrick  D.  Swa»,  Esq. 
Dr  H.  AiXBTHB  NicBOUOH. 
A  ballot  also  took  place  for  the  Rev.  Dr  Hodson,  who  resigned 
the  Fellowship  of  the  Society  in  1867.     Dr  Hodson  was  re- 
admitted. 
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Mmday,  218*  Feimtary  1870. 
Pbofbssob  KELLAND,  Vice-President,  in  the  Chair. 
Tlie  following  CommunicationB  were  read : — 

1.  Note  on  the  Atomic  Volume  of  Solid  Substances.  By 
James  Dewar,  Lecturer  on  Chemistry,  Veterinary  Col- 
lege, Edinburgh, 
Tlie  investigation  of  the  Tolnme  letained  by  different  elementary 
subetances,  vben  combined  in  the  solid  condition,  has  attracted 
the  attention  of  many  chemists.  We  have  only  to  look  at  the 
laborious  memoirs  of  Schtoter,  £opp,  Playfair  and  Joule,  Boallay, 
Filhol,  and  others,  to  be  convinced  of  tbe  great  amount  of  labour 
expended  on  the  subject.  Nor  is  it  at  all  remarkable  that  so  many 
workers  should  take  to  this  field  of  research,  when  we  remember 
the  simplicity  of  the  laws  regulating  the  combining  Tolnmes  of 
gaseous  substances,  and  the  probable  extension  of  some  such  similar 
law  to  the  solid  condition  of  matter.  Emboldened  by  analogy,  the 
forementioned  workers  endeavoured  to  find  some  constant  to  which 
Tolumes  of  elements  and  componnds  beld  the  relation  of  some 
simple  multiple,  and  thus  extend  the  apparent  simplicity  of  Frout's 
law  of  combining  weights  to  combining  volumes.  The  great  object 
in  view  was  evidently  to  extend  the  specnlatJons  and  laws  of  Dalton 
and  Gray  Lussao  to  the  volumes  of  solid  substances,  and  thus  to 
arrive  at  some  general  explanation  of  the  reaulte.  However  credit- 
able the  desire  to  reveal  simplicity  from  out  of  the  apparent  chaos, 
no  one,  in  examining  the  subject,  can  help  arriving  at  the  conclusion 
that  the  meaos  employed  to  extract  the  seeming  harmony  from  the 
results  were  purely  arbitrary.  It  does  not  follow,  however,  that 
the  results  were  fruitless,  although  no  great  generalisation  was 
discovered.  The  solid  state  of  matter  is  relatively  far  more  com- 
plicated than  either  the  liquid  or  gaseous  conditions.  The  uni- 
formity of  expansion  of  gaseous  matter,  and  the  easy  comparison 
of  liquid  substances  under  similar  conditions,  enable  ns  to  arrive 
at  some  satisfactory  conclusions  regarding  the  volume  in  these 
states:  hut,  in  examining  solid  matter,  ve  have  no  guarantee 
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that  the  flubstances  are  nndet  Eirailar  phyBical  coDditione.  We 
cannot,  therefore,  expect  the  same  antformity  in  the  resaltB ;  but 
although,  strictly  speaking,  we  may  entertain  grave  doubt;  on  the 
real  value  of  the  resaltB,  yet,  in  some  cases,  we  cannot  help  recog- 
nising some  curious  analogies,  especially  on  comparing  similar 
classes  of  compoands.  It  is  not  the  object  of  this  note  either  to 
criticise  or  discoas  the  laboars  and  speculations  of  others,  no 
originality  being  claimed  in  the  enhject  matter  itself,  all  that  is 
original  being  merely  the  addition  of  a  few  new  analogies. 

The  first  important  discovery  ia  the  subject  of  atomic  volumes 
was  made  by  Schroter.  He  observed  that  the  equivalent  volume 
of  oxygen,  obtained  by  subtracting  the  volume  of  metal  in  the  free 
state  from  the  volume  of  the  oxide,  gave,  approximately,  the  same 
value  of  6'2  in  the  oxides  of  copper,  zinc,  cadmium,  lead,  mercury, 
iron,  cobalt,  and  titanium.  In  other  words,  the  oxygen  occupied  the 
same  volume  in  each  combination.  Other  classes  of  oxides  gave  a 
volume  of  twice,  or  half  the  above  number.  In  order  to  arrive  at 
the  volume  of  the  oxygen,  Schriiter  Blarted  with  the  premises  that 
the  metal  in  the  combined  state  occupied  the  same  volume  as  the 
uncombined  metal.  Granting,  for  the  present,  that  oxygen  has 
a  definite  volume  in  combination  in  the  oxides,  it  is  clear  that  the 
volume  obtained  by  difierence  will  vary  with  the  volume  of  the 
combined  metoL  The  same  method  applied  to  the  oxides  of  the 
less  dense  metals  would  give  a  negative  volume  to  the  oxygen ; 
and  in  these  oases  we  must  admit  condensation  to  have  taken 
place  in  the  metal  itself.  We  may  have  three  coses,  therefore, 
according  as  the  volume  of  the  combined  metal  differs  from 
that  of  the  uncombined.  If  it  remains  the  same  in  oombina' 
tion,  we  obtain  the  real  volume;  if  it  condenses,  the  volume 
is  a  minimum;  if  it  expands,  a  maximum.  Seeing  that  the 
oxygen  in  the  dense  metals  has  the  volume  fi'2,  we  may  regard 
the  greater  and  smaller  volume  obtained  from  some  oxides  as  the 
result  of  condensation  or  expansion  of  the  metal.  Supposing  the 
above  volume  (5'2)  to  exist  generally  in  the  oxides,  we  would 
have  a  condensation  in  the  less  dense  metals  in  combination, 
approaching  very  nearly,  in  the  case  of  potassium,  sodium,  and 
aluminium,  to  one-third,  and  in  calcium,  magnesium,  and  strontium 
to  nearly  one-half,  of  the  volume  in  the  f^ee  state.    Thus  far, 
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then,  this  number  would  give  a  rough  explanation  in  admitting 
condensatiOD  in  many  of  the  metale. 

I  have  thought  that  it  wonld  be  intereBting  to  compare  this 
Tolume  with  the  volume  of  oxygen  when  it  is  combined  with  solid 
fiubatances  other  than  metallic,  and  to  take  a  series  of  analogous 
combinations.  For  this  purpose  the  chlorine  family  is  well  fitted 
in  theii  reepective  combinationa  with  potassium,  and  these  with 
oxygen.  The  following  table  contains  the  best  known  density 
determi nations  and  volumes  of  chloride,  bromide,  and  iodide  of 
potasBium,  compared  with  the  densities  of  chlorate,  bromate,  and 
iodate. 


Sp.gr. 

Vt*ome. 

Dlfferencs. 

™=1« 

KOI     .     . 

1-977 

37-6) 

15 

5 

KCIO,.    . 

2-326 

52-6) 

KBr     .     . 

2-69 

«    i 

7 

2-3 

KBiO,.     . 

3-271 

61     } 

KI.".     . 
KIO,   .     . 

3-0 
8-979 

S5-3) 
53-7  J 

-1-6 

-0-5 

The  total  volume  of  the  oxygen  in  chlorate  of  potash,  on  the  sup- 
position the  chloride  of  potassium  retains  its  original  volnme  in 
combination,  is  15 ;  whereas  it  is  only  7  in  bromate  of  potash,  if 
we  allow  that  the  bromide  of  potassium  retains  its  original  volame ; 
and  it  appears  to  occupy  no  volume  in  iodate  of  potash,  aswming 
that  iodide  of  potassium  maintains  its  original  volume.  The 
apparent  disappearance  of  the  volume  of  the  oxygen,  in  changing 
iodide  of  potassium  into  iodate,  is  analogous  to  the  apparent  low 
of  volume  of  many  salts  in  their  water  of  hydration,  the  salt  occu- 
pying the  volume  of  the  crystal  water  token  as  ice,  as  pointed  out 
many  years  ago  by  Playfair  and  Joule.  It  is  clear  that,  in  assum- 
ing the  halogen  compounds  of  potassium  as  retaining  their  primi- 
tive volume  in  their  oxidised  derivatives,  vre  place  these  couponmd 
substances  in  the  some  position  as  the  metals  in  the  simple  oxidea. 
Now,  we  saw  that  in  many  oxides  the  volume  of  the  oxygen 
varied,  and  that,  in  all  probability,  from  metallic  condensatioB 
taking  place  during  the  act  of  combination.  The  metals  having 
the  lowest  density  and  the  greatest  atomic  volume  condense  the 
most  is  combining.     Generally  speaking,  if  we  examine  the 
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Tolnmes  of  the  halogen  ealta  in  the  above  table,  it  is  clear  that 
the  equivalent  volumes  increase,  chloride  of  potassium  being  37, 
bromide  44,  and  iodide  553,  and  theit  telative  stabilit;  diminiehes. 
The  equivalent  volumes  of  chlorine,  bromine,  and  iodine  are  iden- 
tical in  the  liquid  state ;  and  thus  the  formation  of  the  reHpective 
potassium  compounds  is  one  of  the  tesults  of  unequal  condenaa- 
tioD,  the  co-efficient  of  contraction  in  the  formation  of  chloride  of 
potassium  being  0'46,  bromide  029,  iodide  0'23  per  unit  volume. 
Their  formation  is  attended  vrith  the  evolntion  of  very  different 
amounts  of  beat.  The  following  table  contains  some  of  the  con- 
stants found  with  reference  to  combination  and  solution : — 


Consfanti  of  Group. 

CoDtno- 

Vohin,* 

Total  heat 

SOlllUOIL 

nUTDsloa 

(rdMlTB). 

cipiasloD  per 

Sp«lflcli«t 

KCi 
KBr 
EI 

0-46 
0-29 
0-23 

97086 

85666 
72721 

3874 
4522 

4847 

74-5 
119 

166 

0-001429 
0001848 

0-002358 

12-88 
13-47 
13-60 

Generally  speaking,  the  number  found  for  bromide  of  potassium 
ii  nearly  the  mean  of  those  attached  to  chloride  and  iodide.  A 
similar  observation  has  recently  been  made  by  If.  Yalsen  in  exa- 
mining the  equivalent  capillary  conetonts  of  theee  bodies.  Loot- 
ing at  the  atomic  thermal  number,  there  is  a  far  greater  likelihood 
of  condensation  taking  place  in  the  bromide  and  iodide  of  potassium 
in  the  combined  state,  than  in  case  of  chloride,  seeing  that  it 
iTould  be  relatively  far  more  difficult  to  condense.  But  neither  the 
chlorate,  bromate^  nor  iodate  con  be  produced  through  the  direct 
addition  of  oxygen  to  the  respective  halogen  salt.  And  the 
chlorate,  it  is  well  known,  evolves  heat  on  giving  off  its  oxygen, 
and  tfans  necessitates  an  absorption  of  heat  during  combination. 
It  is  just  possible  that  the  heat  produced  during  the  decomposition 
is  the  result  of  the  neceasaiy  expansion  of  volnme  in  the  chloride 
of  potasainm  in  combining  with  oxygen,  and  its  return  to  its 
normal  volume  on  losing  it.  It  makes  no  change  in  volnme  to 
snppose  that,  in  the  one  case,  the  oxygen  is  added  as  a  whole  to 
the  chloride  of  potassium,  or,  in  the  other,  that  it  is  between  the 
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potassintn  and  cLlorine,  each  occupying  ita  individual  volnme 
UDcbanged,  but  it  would  alter  greatly  the  heat  evolved  in  so  doing. 
If  oxygen  combined  vitb  chloride  of  potaseium  as  a  whole,  vrith- 
ont  any  condensation  takiug  place,  the  nafairal  result  would  be  an 
evolution  of  heat.  But  if  the  addition  of  the  oxygen  diminiBhe§ 
the  co-efGoient  of  contraction,  aa  compared  with  that  of  the  free 
compound,  then  we  have  a  physical  explanation  of  the  evolution 
of  heat  OD  decomposition.  In  this  case  the  actual  work  performed 
by  the  condensation  of  oxygen  is  retained  in  a  potential  form,  and, 
therefore,  reappears  sa  heat  on  its  decomposition.  If,  now,  we 
examine  the  mode  in  which  the  oxygen  is  attached  to  the  respec- 
tive halogen  compounds,  we  can  trace,  as  a  necessary  consequence, 
the  retention  of  varying  amounts  of  energy.  Chlorate,  bromate, 
and  iodate  of  potash  are  formed  by  a  similar  chemical  reaction, 
according  to  the  following  formula  of  exchange,  given  in  equiva- 
lents, the  whole  reaction  supposed  to  take  place  in  the  presence  of 
water : — 

6E0     +     6C1     =     5KCI     +     KCIO, 


6E0     +  fiBr    =    5EBr     +     ZBrO, 
6(76238)  5(85666) 

6K0     +  61     =     SKI      +     KIO, 

6(76238)  5(72721) 

We  have  appended  the  thermal  equivalents  attending  the  for- 
mation of  these  bodies  in  a  large  volume  of  water.  It  will  he 
obvious  on  comparing  the  formation  of  chlorate  of  potash,  through 
the  above  reaction,  that  it  may  be  the  result  of  absorption  of  heat ; 
whereas  it  is  certain  that  the  formation  of  iodate  of  potash  must 
be  attended  with  an  evolution  of  heat,  or  else  cold  most  be  the 
result  of  their  action.  In  special  experiments,  made  with  the 
object  of  determining  the  thermal  action,  neither  absorption  nor 
evolution  of  heat  could  be  detected.  Thus  the  formation  of  iodate 
of  potash  is  attended  with  an  evolution  of  heat.  This  would,  then, 
accord  with  the  easy  transformation  of  the  chlorates  into  iodatee,  or 
of  chloric  acid  into  iodic  acid,  and  the  easy  transformation  of  the 
iodide  of  potassium  into  the  iodate,  through  the  action  of  permaii' 
ganste  of  potash,  seeing  that  we  must  have  an  evolution  of  heat. 
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The  oxygen,  therefore,  may  bo  assumed  to  be  in  a  very  different 
condition  relatively  to  the  other  elements,  or  else  we  must  Bnppoee 
that  it  has  not  affected  the  oo-efficient  of  contraction,  certainly  not 
to  have  diminisbed  it.  The  author  thiowB  out  this  simply  as  a 
possible  explaoatioD ;  he  is  also  well  avare  that  many  other  ex- 
pluiations  might  be  given,  all,  possibly,  equally  Batisfactcry.  But 
a  physical  explanation,  however  far  it  may  lie  from  the  troth, 
seems  to  convey  to  us  the  clearest  ideas  of  what  may  possibly  take 
place. 

There  is  one  point  connected  with  the  eabject  of  voLumea  that 
requires  very  careful  attention.  All  bodies  in  combining  do  not 
unite  with  condensation ;  that  is,  the  volume  of  the  compound 
might  exceed  the  volumes  of  the  isolated  constituents,  and  yet  a 
large  evolution  of  heat  might  take  place  during  its  formation.  A 
well-known  example  is  that  of  iodide  of  silver.  Now,  M.  Fizeau 
has  shown  that  iodide  of  silver  contracts  regularly  with  increase  of 
temperature,  and  M.  St  Claire  Seville  has  given  an  explanation  of 
this  anomaly.  Deville  believes  that  bodies  combine  at  such  a 
temperature  as  would  be  required  to  transform  the  volume  of  the 
compound  to  that  of  the  sum  of  the  volumes  of  its  constituents  in 
the  free  state.  Applying  this  to  iodide  of  silver,  it  is  clear  that 
contraction  mnst  take  place,  and  in  all  similar  coses  where  we  have 
an  increase  of  volume.  One  cannot  help  associating  this  increase 
of  volume  to  a  purely  physical  change  of  state,  such  as  the  change 
of  water  with  expansion  into  ice.  Now,  as  Sir  William  Thomson 
has  proven  that  pressure  lowers  the  freezing  point  of  vater,  and 
UousBon  has  actually  liquefied  ice  by  enormous  pressure,  if  the 
formation  of  a  chemical  compound  is  analogous  to  a  physical 
change  of  state,  we  ought  to  be  able  by  mere  pressure  to  decom- 
pose a  chemical  compound,  if  the  formation  of  that  compound  is 
attended  with  an  increase  of  volume.  No  doubt,  in  order  to  get 
experimental  proof  of  this  fact,  we  must  use  a  relatively  weak 
chemical  compound,  one  attended  with  the  evolution  of  no  great 
amount  of  heat;  and  the  well-known  experiments  of  Joule  on  the 
effect  of  pressure  on  amalgams,  seems  to  confirm  my  anticipation. 
Joule  has  shown  that  the  amalgams  of  zinc,  lead,  and  tin  are  de- 
composed by  pressure  alone,  and  these  are  the  amalgams  produced 
with  the  least  contraction  of  any.    In  order  to  get  definite  proof  of 

DiqitlzscbyGOOqlC 


7lj  Proceedings  of  the  Royal  Society 

the  expaneion,  it  is,  of  course,  necesBaiy  to  use  the  epecifio  gravity 
of  merouiy  in  the  solid  state.  Now,  Joule  atates,  as  the  mean  of 
hii  experimeDts,  that  mercury  in  the  solid  form  has  the  specific 
gravity  15'19,  whereas  in  the  above  amalgams  it  would  have  the 
density  of  only  141.  The  obseivations  of  Hatthiessen  on  the 
specific  gravity  of  alloys  enables  us  to  confiim  Joule's  results : — 
Lead  Series  (A.  Malthietsen). 


Sl.Gr. 

CalcDiiMd 

y.v. 

Pb,Hg,  .    .    . 
PbHg,    .     .     . 
PbHg,,   .    .    . 

11-9T9 
12-484 
12815 

12008 
123S8 
12734 

10024 
09899 
0-9937 

The  specific  gravity  of  the  meicniy  need  in  calculating  the  mean 
density  was  13573.  Now,  seeing  that  there  ia  little  or  no  con- 
traction, and  even  in  one  case  a  slight  expansion,  in  taking  the 
above  specific  gravity  of  mercury,  the  higher  density  of  meTcury 
given  by  Joule  as  the  result  of  his  expeiiments  would  neoessarOy 
lead  to  an  expansion  in  their  formation.  To  illustrate  the  effect 
of  pressure  on  the  composition  of  an  amalgam,  let  us  take  Joule's 
experimente  on  the  tin  amalgam.  The  oompoeition  of  this 
amalgam  was  100  of  mercury  to  Sl'Ol  of  tin,  and  the  specific 
gravity  10518.  The  effect  of  £400  lbs.  pressure  for  thirty  days, 
changed  the  amalgam,  so  that  it  had  ultimately  the  composition 
100  of  meicuiy  to  384  of  tin.  It  is  natural  to  believe,  tberefoie, 
that  the  efiect  of  pressure  in  this  case  is  quite  asalogouB  to  the 
inverse  change  of  state,  when  a  body  that  has  expanded  in  chang- 
ing itfl  state  has  been  subjected  to  its  influence. 

In  the  early  part  of  this  paper  we  saw  that  the  volume  of  oxygen 
in  some  oxides,  instead  of  being  62,  was  sometimes  double  this 
amount,  or  even  more.  It  has  also  been  remarked,  that  if  the 
metal  in  combining  was  to  expand,  the  volume  of  the  oxygen 
would  appear  as  a  maximum.  This  apparently  large  volume  of 
the  oxygen  seems  to  belong  to  suh-oxides,  snoh  as  aub-oxides  of 
mercury  and  copper,  and  oxide  of  silvoi.  If  we  suppose,  now,  that 
thte  large  increase  of  volume  in  the  oxygen  is  the  result  of  an 
expansion  in  the  metal  in  combining  with  the  normal  oxide,  it  is 
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possible  that  mere  iiressure  would  decompoBe  these  oxides,  at  least 
ID  part,  iDtii  metal  and  the  Iiigber  oxide.  The  iDstability  of  a 
body  of  this  type,  anch  as  sub-oxide  of  meicniy,  is  well  known, 
mere  titration  effecting  the  liberation  of  metal  with  formation  of 
the  higher  oxide.  In  this  way,  therefore,  it  seems  to  support  the 
argument  adduced. 

2.  Note  on  loverted  Sugar.  By  James  Dewar,  Lecturer  on 
Chemistry,  Veterinary  College,  Edinburgh. 

For  some  time  past  an  animated  dlscassion  has  been  going  on  in 
the  columns  of  the  "Comptes  Rendus  de  I'AcadSmiedes  Sciences" 
between  MM.  Dubranfaut  and  Maumend  regarding  the  nature  of  in- 
verted sugar.  M.  Bubranfaul,  many  years  ago,  made  many  valuable 
additions  to  our  knowledge  concerning  the  composition  and  reac- 
tions of  various  sugars,  especially  in  explaining  the  result  of  the 
action  of  dilute  acida  on  cane  sugar.  Re  explained  the  levo-rotatory 
action  of  inverted  sugar,  and  its  rapidly  varying  power  with  the 
temperature,  as  the  result  of  a  molecule  of  water  in  reacting  with 
a  molecule  of  cane  sugar,  generating  one  molecule  of  glucose  and 
one  of  Isvulose.  Dubranfaut  believed  that  inverted  sugar  consisted 
of  a  mixture  of  glucose  and  lasvulose  in  equal  weights;  and  altbougli 
be  did  not  make  a  direct  analysis  of  the  product,  yet  he  was  justly 
entitled  to  assume  that  it  was  so  constituted,  seeing  that,  generally, 
it  agreed  with  a  mesn  of  the  properlies  of  inulio  sugar  and  dex- 
trose. 

In  order  to  support  the  above  view,  lie  separated  levo-glucose 
from  the  inverted  sugar,  through  the  insolubility  of  the  lime  com- 
pound, and  compared  its  properties  with  pure  Itevuluse.  The  de- 
composition would,  according  to  Dubranfaut,  be  as  follows  : — 

C„H„0„  +  H,0  =  C.H.,0.  -1-  C„H„0, 

-»-73-8  +56  -inn 

(-25) 

So  thoroughly  had  his  facts  and  explanations  been  accepted  by 

cbemisls  generally,  that,  up  till  a  recent  date,  no  one  discovered 

any  flaw  in  his  researches,  and  therefore  no  doubt  was  thrown  on 

the  validity  of  this  theory.   Recently,  Manmen£  has  reinvestigated 
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the  compoeition  of  inverted  sagar  by  analysis.  He  lias  attempted 
to  separate  the  two  atigars  tbiongh  the  aotioa  of  chloride  of  sodium. 
The  dextro- glucose  forms  a  well-defined  crystalline  compound  with 
chloride  of  eodinm,  whereas  the  Itevnloee  does  not  form  any  com- 
pound. The  results  obtained  by  this  method  differ  greatly  from 
theory.  Instead  of  finding  50  per  cent,  of  Itevulose,  he  foand  88  pei 
cent.  In  repeating  the  experiments  of  Dubranfaat  on  the  separation 
of  levo-glucose  by  hydrate  of  lime,  he  has  not  met  with  any  better 
results ;  in  fact,  bis  results  are  quite  opposed  to  those  of  Dubranfaut 

Apart  allogether  from  expressing  an  opinion  on  the  merits  of 
the  views  entertained  by  the  different  parties  to  this  discussion, 
the  author  has  thought  some  observations  of  tbe  same  subject 
might  not  be  unworthy  of  notice  at  the  present  time. 

Linneroan,  many  years  ago,  applied  the  process  of  hydrogenation 
to  the  sugars  that  he  bad  found  so  successful  in  treating  the  simple 
organic  substances.  In  the  way  named  he  obtained  mannite  from 
inverted  sugar,  the  following  reaction  taking  place  : — 

Mannite  bad  long  been  known  to  be  the  product  of  certain  kinds 
of  fermentation,  and  occurring  as  a  secondary  product  in  the  vinous 
fermentation;  but  it  was  this  elegant  synthesis  of  Lin  neman  that 
first  clearly  showed  the  connection.  But  although  inverted  sugar 
can  be  changed  into  mannite,  the  next  point  that  demands  a  solu- 
tion is  the  proving  tbe  inverted  sugar  to  be  composed  of  equal 
quantities  of  dextrose  and  leevulose.  Are  they  both  transformed  by 
hydrogenation  into  mannite  7  or  is  only  one  of  them,  and  which '/ 
Linneman  seems  to  have  directed  his  attention  to  the  solution 
of  this  question.  He  states  that  it  is  only  the  Iravulose  that  is 
BO  affected.  The  reasons  why  he  entertains  the  above  views  are 
not  given.  In  all  likelihood  he  thought  that,  just  as  Serthelot 
had  changed  mannite  by  a  peculiar  fermentation  into  levo-glucose, 
SO  would  tbe  levo-glucose  in  inverted  sugar  be  bydrogenieed  into 
mannite. 

In  repeating  the  action  of  sodium  amalgam  on  inverted  sugar,  I 
have  not  seen  any  reason  why  the  one  sugar  any  more  than  tbe  other 
should  be  supposed  to  generate  tbe  mannite.  The  following  is  a 
description  of  the  mode  by  which  the  sugar  was  inverted  and  hydro- 
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geDieed: — Twenty  grammes  of  cane  Biigar  were  diBsolved  in  150 
gnoe.  of  water,  and  inverted  through  the  action  of  2  grms.  of 
enlphurio  acid,  keeping  the  solution  at  the  temperature  of  70°  C, 
ofterwaida  adding  pure  carbonate  of  barium,  filtering,  and  then 
adding  one  gramme  of  aodium  in  the  form  of  a  weak  amalgam. 
The  action  took  place  without  any  evolution  of  hydrogen.  If 
the  amalgam  was  impure,  from  the  presence  of  other  metals,  it 
evolved  hydrogen  at  once,  and  the  solution  became  brown ;  other- 
wise it  remained  perfectly  clear.  After  one  month  the  eolntion 
gave  no  trace  of  sugar  with  the  alkaline  copper  solution.  It  was 
then  carefully  neutralised  with  dilute  snlphurio  acid,  evaporated 
on  the  water  bath,  the  greater  part  of  the  sulphate  of  sodium 
separated  by  crystallisation,  and  the  residue  treated  with  boiling 
70  per  cent,  alcohol,  the  solution  filtered,  and  allowed  to  crys- 
tallise. Sometimes  the  mannite  did  not  crystallise  until  all  the 
alcohol  had  evaporated,  leaving  a  syrup  that  slowly  assumed  the 
crystalline  form.  The  product  bad  no  rotatory  power.  In  no 
ca«e  was  the  sugar  entirely  changed  into  mannite — a  gummy  sub- 
stance was  invariably  left,  that  would  not  crystallise  after  expo- 
sure to  the  air  for  months.  Mannitan,  or  some  similar  body, 
may  be  one  of  the  products. 

Dextro- glucose  made  from  honey  gave  mannite  when  treated 
in  the  same  way,  having  exactly  the  same  melting  point  as  ordi- 
nary mannite.  In  treating  milk  sugar  with  dilute  sulphuric  acid, 
changing  into  gallactose  and  hydrogen ising,  dulcite  was  not  iso- 
lated ;  but  I  have  not  specially  studied  the  reaction. 

3.  On  the  Flow  of  Electricity  in  Conducting  Surfaces.  By 
W.  B.  Smith,  M.A.,  AsBistant  to  the  ProfeBsoi  of  Natural 
Philosophy  in  the  University  of  Edinburgh.  Communi- 
cated by  ProfcBfior  Tait     (With  a  Plate.) 

The  conditions  of  a  steady  flow  of  electricity  in  a  conducting  sur- 
face are  completely  determined,  if  we  know  either  tlie  nature  of 
the  electrical  distribution  thronghout  the  surface,  or  the  direction 
and  intensity  of  the  flow  at  every  point.  On  the  first  of  these  ways 
of  considering  the  question,  the  problem  is  solved  if  we  can  express 
the  potential  v  at  any  point  as  a  function  of  the  co-ordinates,  and 
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the  nuture  of  the  distribution  will  be  indicated  to  the  eye  by  form- 
ing the  equipotential  curves 

V  =  const (1). 

'From  the  second  point  of  view,  we  should  endeavour  to  deter- 
mine the  lines  of  flow  by  equations  of  the  form 

«  =  const (2). 

The  curves  determined  by  equations  (1)  and  (2)  are  obviously 
orthogonal,  and  since 

we  know,  by  a  theorem  of  Lam4  and  Stokes,*  that 

dx'  dy' 
KirchhoS*,  in  the  year  1$4S,  took  up  the  problem  for  plane  surfacesf 
in  the  first  of  the  two  ways  we  have  indicated.  By  an  application 
of  Ohm's  law,  he  expressed  analytically  the  conditions  to  be  satis- 
fied by  V.  When  the  electricity  enters  and  issues  by  a  number  of 
individual  points,  be  found  (apparently  by  trial)  that  an  integral 
of  the  form  2{o  log  r),  where  r,  r„  &c,,  are  the  distances  of  the 
point  (x,  y)  from  the  successive  points  of  entrance  and  issne,  satis- 
fies these  conditions  when  the  plate  is  infinite.  For  a  finite  plate, 
it  is  necessary  that  the  boundary  of  the  plate  should  be  orthogonal 
to  the  curves 

S(a  log  r)  x=  const.       .        .        .      (3). 
He  was  thus  led  to  form  the  orthogonal  curves,  whose  equation 
he  gives  in  the  form 

2C<i  [r,  E])  =  const.      .         .         .       (4), 

where  [fgRJ  is  the  angle  between  r  and  a  fixed  line  R.  These 
equations  he  applies  to  the  case  of  a  circular  plate,  completely 
determining  the  curves  when  there  is  one  exit  and  one  entrance 
point  in  the  circumference,  and  showing  that  in  any  case  a  proper 
number  of  subsidiary  points  would  make  the  equipotential  lines 
determined  by  (3),  cut  the  ciicumference  at  right  angles.     Kirch- 

*  Soo  Thomson  aad  'I'sit'a  NaCoral  Pliiloftojiliy,  i,  642, 
t    roggendorfTs  AniiBlen,  Bil.  Ixir. 
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botTs  paper  is  throughout  properly  buBied  with  the  function  v,  and 
the  stream  lines  are  only  dealt  with  incidentally.  There  ia  no 
attempt  to  give  a  physical  meauing  to  the  equation  (4). 

In  1846,  Tliomaon  drew  attention  to  the  orthogonal  BystemB  (S) 
&nd  (4),  as  an  example  of  Lame's  theorem. *  He  showed  that  the 
rings  and  brusliee  of  hiaxat  crystals  are  a  special  case  of  these  curves. 
They  correspond,  in  fact,  as  we  shall  see,  to  the  equipotential  lines 
and  lines  of  flow  in  an  infinite  plate  with  two  equal  sources  of 
electricity. 

Maxwell,  in  18o6,  suggested  the  application  to  problems  of 
electric  currents  of  bis  beautiful  theory  of  the  motion  of  an  imma- 
terial incompressible  fluid  in  a  TeaistiDg  medium,  but  does  not  appear 
to  have  developed  the  suggest  ion. + 

The  object  of  this  paper  is  to  show  that,  by  regarding,  in  accor- 
dance with  Maxwell's  suggestion,  every  point  of  exit  or  issue  as  a 
source  or  Eink,  spreading  or  absorbing  eleclrictty,  independently  of 
all  olber  sources,  KirchboS^s  general  equations  may  be  deduced  by 
easy  geometrical  processes,  and  extended  to  certain  cases  of  flow 
in  curved  surfaces.  We  shall,  by  this  method,  be  naturally  led  to 
look  mainly  at  the  function  u,  which  in  the  analytical  investigation 
is  subordinated  to  v.  The  equation  u  =  0  will  receive  an  obvious 
physical  interpretation,  and  we  shall  then  proceed  to  consider  in 
detail  the  nature  of  the  flow  in  certain  special  cases  apparently  not 
yet  examined. 

If  a  source  F,  in  an  infinite  uniformly  resisting  plate,  steadily 
give  forth  a  quantity  of  electricity  E  per  unit  of  time,  tbe  flow  per 
second  over  the  whole  circumference  of  all  circles  with  P  as  centre  is 
equal.    Hence  the  rate  of  flow  at  each  point  of  the  circumference  of 

such  a  circle  is  inversely  as  the  radius  =t  -—  .      The  potential  due 

to  P  satisfies  the  equation 


•  Camb.  aud  Dub.  Math.  Joam.  vol.  i.  p.  1^4. 
t  Cumbri'l^e  Pbil.  Trans,  vol  x. 
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The  potential  due  to  any  number  of  sonrcee  P„  P„  and  sinks 
P|'  Pi'i  *"■!  all  of  equal  power,  is  got  by  eimple  euperpositioD.  I( 
E  be  equal  for  all  points, 

..  _  n  _  ,  E   ,_  _   .   ,   E  ,._  „, 


vbere  r  corresponds  to  a  source,  aad  r'  to  a  sink.    Hence  the  eqni- 
potential  lines  are 


(6). 


The  equation  of  the  lines  of  flow  follows  at  once  from  the  equa- 
tion of  continuity.  Across  any  element  da  of  a.  stream  line  sub- 
tending angles  d$i  d6„  &c.,  at  the  sourcea,  and  d$^  d$^,  &c.  at 
sinks,  no  Suid  must  flow.  But  the  quantity  of  fluid  per  second 
reaching  da  from  Pn  is  ^—  E.     The  quantity  withdrawn  by  F'a 

is  -^  E.    Hence  the  difTeiential  equation  of  tbe  stream-line  is 

ld$-  ^0'  =0. 
Integrating,  2$  —  1$'  ••  const. 

where  6  and  ff  are  the  angles  between  radii  vectores  and  any  fixed 
lines.  If  we  agree  to  reckon  9  in  opposite  directions  for  sources 
and  sinks,  tbe  equation  becomes 

Stf  =  a  .  .  .  ■        (6). 

The  following  are  elementary  consequences  of  this  equation : — 
(a.)  When  we  have  one  source  F  and  one  equal  sink  F',  the 
stream  line  through  any  point  Q  has  for  its  equation 

2ff  -  QPP'  +  QP'P  -  J  -  PQF'  =  a. 

Hence  tbe  locus  of  Q  is  a  circle  through  P  and  P',  which  is  Kircb- 
hofTs  case.    The  orthogonals  are  circles  whose  centres  (R)  lie  id 
PP'  produced,  and  whose  radii  -  VPR.P'R, 
(b.)  If  we  have  two  equal  sources  and  no  sinks,  or  what  is  tbe 
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same  thing,  sinks  at  an  inlinitQ  dJBtance,  the  stream  lin 
rectangular  hyperbolas.    For  ld  thU  case, 


QPN+QP'N-a-QNa:,  if  weniakeP'QN=QPN.  Also  QN 
touches  the  circle  through  PP'Q,  therefore 
QN'  =  NF.  NP 
-  the  equation  of  a  rectaogular  hyperbola  through  P  and  P', 
wfaoee  centre  is  the  middle  point  of  PP',  and  which  is  referred 
to  conjugate  diameters  inclined  at  aogle  a.  The  orthogonal 
system  in  this  case  coosista  of  the  lemniscates  rr"  •^  c.  One  of 
the  hyperbolae  consists  of  the  straight  line  PP',  and  the  line  equi- 
distant from  P  and  P'.  Dividing  the  plate  along  the  latter  line, 
we  have  the  case  of  one  source  in  a  plate  bounded  in  one  direction 
by  an  infinite  straight  line,  but  othenri^e  unlimited  or  bounded  by 
a  lemniscate  of  infinite  conductivity,  having  P  and  its  image  due 
to  the  boundary  line  for  poles. 

(e.)  To  find  the  image  of  any  point  in  a  circular  boundary,  i.e.  to 
find  the  source  which  in  combination  with  a  source  at  the  centre 
of  the  circle,  and  an  equal  sink  at  any  other  point,  will  make  the 
circle  a  stream  line. 


Let  A  be  the  centre  of  the  circle,  and  P  the  given  sink.  la  AP 
take  P',  so  that  AP.AP'  =  AQ'.  Then  PAQ  and  QAP'  are 
similar  triangles,  and  QFA  -  AQF' , 

Therefore  QAP  +  QP'A  +  QPA  =  27r,  or  (6)  is  sstisBed  for  any 
point  in  the  circle  by  assuming  at  P'  a  sink  =  P. 

((f.)  Hence  if  there  be  within  a  circle  m  sources  and  n  sinks,  we 

DiqitlzscbyGOOqlC 


84  Proceedings  o/fhe  Royal  Society 

must  assume  tlie  same  number  of  Bourccs  and  sinks  without  llie 
circle,  and  n  -  ni  sources  at  tlie  centre. 

(e.)  The  straight  line  equidiEtant  from  tno  equal  sources  of  the 
same  sign  is  clearly  a  stream  line  for  these  points.  Hence  the 
image  of  any  point  in  a  straight  line  is  an  equal  point,  which  is  its 
optical  image. 

I  have  constructed  the  equation 

on  the  asBumption  that  all  the  sources  are  equal,  because  the  degree 
of  the  stream  line  is  equal  to  the  number  of  equal  sources  (positive 
and  negative)  to  which  the  system  can  be  reduced.  For  if  A,  ^  be 
the  co-ordinates  of  P,  the  equation  becomes 

S±tal!|^-C,       .         .         .       (7). 
denote  the  sum  of  all  the  combioations  of  expres- 
sions =h  ^ 

i-cr 


"0^'). 


an  equation  of  the  n*^  degree  if  there  be  in  all  n  sources. 

The  degree  of  the  equipotential  lines  is  also  ■  n  if  there  he  an 
equal  number  of  sources  and  sinks.  In  general,  if  there  he  m 
sourcesof  one  sign,  and  n-m  of  another,  and  m>n-iw,  2mia  the 
degree  of  the  equipotential  lioeB.  This  is  one  of  many  features 
which  make  it  more  convenient  to  work  with  stream  lines. 

It  is  obvious  from  equation  (8),  that  every  stream  line  must  pass 
through  all  the  sources.  Thus,  the  circle  in  case  (c),  which  passes 
through  no  source,  is  not  a  complete  stream  line,  the  other  branch 
being  the  straight  line  APF,  which  passes  through  all  the  sources. 
Distinct  stream  lines  can  intersect  only  at  a  source,  for  at  no  other 
point  can  16  be  indeterminate.  Where  two  branches  of  the  same 
stream  line  intersect  the  velocity  is  necessarily  zero,  changing  sign 
in  passing  through  the  point.  The  physical  meaning  of  a  branch 
is  that  two  streams  impinge,  and  are  thrown  off  with  an  abrupt 
change  of  direction, 
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The  same  reflnlt  is  easily  fouDd  from  the  analytical  condition  for 
a  singular  point  ;r  "  y~  "  ^■ 

For  -    "  =  -T  zz  velocity  parallel  to  aiis  of  y, 

Jf  -  J?  =  velocity  parallel  to  axis  of  *, 
or  directly  by  differentiation. 


(9). 


The  nature  of  the  intersection  of  the  branches  of  a  stream  1 
at  a  multiple  point  is  easily  determined. 

At  an  m-poiut,  the  angles  at  which  the  hranches  cut  tbe  sxif 
X  are  the  roots  of  the  equation — 


(r.  +  ""4)""-°-     •    ■   '""• 


Where,  liDce      ^  = 

ift. 

d-. 

d-u 

&C. 

3?  " 

J«— <(»■ 

'>•"       .... 

WheoM  (10)  becomes 

^A-!L 

""^  tan*0  + 

te,")  + 

■^■y 

1.2      ""  I"^ 

^^.,(— 

m.m-l.m- 

-^tan'f + 

Ac")  .  0. 

1.2.3 

We  can  choose  the  axes  bo  that  t-^  = 

0,  aod  reduce  tbe  e<iua- 

tion  to 

"••Of-"" 

.2.3 

f +  ...  = 

0     .     (11), 

VOL.  VII. 

D„ 
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or  tan  mf  »  0  .         .         .         (12), 

9  =  — ,  where  I  is  any  ioteger  from  1  to  m. 

Thus  the  branches  make  eqnal  angles  with  each  other.  This 
proposition  depends  solely  on  the  relation  yu  =  0.  It  is  therefore 
true,  al&o,  fur  the  eqnipotential  lines,  as  is  otherwise  obvious. * 

The  general  nature  of  the  stream  lines  will  be  different,  accord- 
ing as  the  number  of  sinks  is  or  is  not  equal  to  the  number  of 
Bourc^B.  In  the  former  case,  3(fl)  =  0  is  Batiefied  at  all  points 
infinitely  distant,  the  radii  being  all  parallel,  and  tbe  positive 
and  negative  angles  equal  in  number.  Hence  one  stream  line 
has  the  straight  line  at  inBnity  as  a  branch,  oi  intersects  tbe  straight 
line  at  infinity  at  right  angles,  and  therefore  has  an  asymptote. 
This  stream  line  will,  in  general,  be  of  the  n  - 1*^  degree.  In  some 
cases  it  may  be  of  a  lower  degree ;  ae,  for  example,  when  the  conic 
at  infinity  is  its  other  branch.  A  case  of  this  sort  will  be  given 
below.  The  other  stream  lines  of  tbe  system  cannot  meet  the  line 
at  infinity,  and  cannot  have  asymptotes.  However  far  tbey  run 
out,  tliey  must  therefore  loop  and  return. 

"When  there  are  more  sources  than  sinks,  3fl  becomes  indeter- 
minate at  an  infinite  distance,  as  might  have  been  anticipated  from 
tbe  fact,  that  in  this  case  there  is  a  constant  flow  of  electricity  out- 
wards, implying  a  sink  at  an  infinite  distance.  Tbe  line  at  infinity 
is  not  in  this  case  a  stream  line,  and  will  be  cut  by  all  the  stream 
lines,  which  do  not  loop  except  at  finite  distances,  and  have  all 
asymptotes. 

The  asymptotes,  in  this  case,  may  be  easily  constructed  by  tbe 
aid  of  equations  (6)  and  (8). 

At  the  infinitely  distant  point  of  contact  the  velocities  due  to 
all  sources  are  tn  tbe  same  direction,  or  tbe  asymptote  must  be 
parallel  to  the  radii. 

If  there  are  m  sources  and  n— m  sinks,  tbe  stream  line  whose 
asymptote  makes  an  angle  a  with  the  initial  line  is  obviously 

Ytf  -  (2m-B)a  =  t^n  C       .         .         .      (13). 

*  I  have  since  found  that  this  result  lias  bsen  aliead;  proved  for  plane 
carvee  by  Piofesaor  RankiDe  and  ProfesBor  Stokes  (Proc.  R.8.,  18C7).  and  for 
apherical  haimcmica  b;  Sir  W.  Thomson  and  Professor  Tait,  in  Iheir  trcntiao 
on  Natural  Philosophj. 
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This  eqnation  has  2  m  -  n  roots. 

■i*  "i  +  3 J    "i  +    5 1  *^* 

2m— n'  2m  —  B 

So  tbat  each  stream  line  haa  2m  -  n  asymptotes  equally  inclined 
to  one  another. 

Tionsfonning  to  rectangular  co-ordinates,  and  cbooaing  the 
asymptote  as  axis  of  x,  (8)  reduces  to 

{^y{i^y  •  ■  =» 

When  y  IE  0 ,  x  has  two  roots  =  oo  if  • 

2(±t)-  0      ■   .  .         .     C14)- 

Hence  the  asymptote  is  such  that  the  algebraic  sum  of  the  per- 
pendtcnlare  from  the  sources  diminished  hy  the  sum  of  the  perpen- 
diculars from  the  sinke  is  zero.  It  is  obvious  without  analysis 
that  this  condition  is  necessary,  that  the  velocity  perpendicular  to 
the  asymptote,  at  its  point  of  contact  with  the  curve,  may  be  absolute 
zero.  If  sinks  weigh  upward,  all  lines  passing  through  the  centre 
of  gravity  of  the  system  are  asymptotes,  and  2m  —  n  of  these  lines, 
equally  inclined  to  each  other,  belong  to  one  stream  line.  The 
system  must  have  a  centre  of  gravity,  for  by  pairing  sources  and 
sinks  we  produce  couples  which  will  always  give  a  single  resultant 
when  compounded  with  the  weights  of  the  extra  sources. 

A  complete  system  has  no  centre  of  gravity,  but  (14)  is  satisfied 
for  all  lines  perpendicular  to  the  axis  of  the  resultant  conple.  If 
the  axia  of  the  couple  formed  by  pairing  a  source  and  sink  at  dis- 
tance p.  makes  an  angle  ^_  with  the  axis  of  the  resultant  couple 
S(pBin^)  =  0  .  (15), 

an  equation  with  only  one  root  to  determine  the  direction  of  the 
asymptote.    In  this  case  the  asymptote  meets  the  curve  in  a  double 
point,  and  has  contact  of  the  third  order,  or  x  has  three  roots  =  oo . 
The  condition  for  this  is  obviously — 

2(±ftA)  =  0       .  .      (16), 

which  since  5(±fc)  =  0,  does  not  depend  on  the  point  of  the 
asymptote  from  which  h  is  reckoned. 
If  (15)  is  satisfied  identically,  the  asymptote  meets  the  curve  in 
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a  triple  poiot.  Two  of  the  branchee  beloDg  to  the  line  at  infinity, 
and  the  finite  branch  sinks  to  the  n  -  2  degree. 

In  this  case  not  only  3(±  k)  t=  0,  but  Z(=h  h)  =  0.  Henoe  (16) 
no  longer  gives  a  fixed  point  on  the  asymptote,  but  only  fixes  its 
direction.  A  further  analytical  condition  is  easily  found,  but  is 
unnecesaary.  For  in  this  case  the  centre  of  gravity  of  the  sonrces 
coincides  with  the  centre  of  gravity  of  the  sinks.  The  stream  lines 
due  to  the  sonrces  alone  would  have  the  same  sets  of  asymptotes 
as  those  due  to  sinks.  One  of  these  sets  is  necessarily  asymptotic 
in  the  complete  system,  which  has  always  one  line  with  real 

asymptotes.     The  set  will  consist  of  ~  rays,  all  passing  through 

the  common  centre  of  gravity  of  the  sources  and  sinks,  and  equally 
inclined  to  one  another. 

Rectilineai  Branchet  are  asymptotes  coinciding  with  their  curves. 

Hence,  in  an  incomplete  system,  all  straight  lines  pass  through 
the  centre  of  gravity  of  the  system,  and  belong  to  one  stream  line, 
unless  the  centre  of  gravity  he  a  source.  In  any  case  they  are 
equally  inclined  to  one  another,  for  if  not  branches  of  one  stream 
line,  they  would  be  so  for  the  system  got  by  removing  the  source 
at  their  intersection. 

In  a  complete  system  there  can  be  only  one  rectilineal  stream  line, 
nnlesB  sinks  and  sources  have  a  common  centre  of  gravity.    In  the 

latter  case,  there  can  be  at  most  ^  straight  lines,  forming  equally 
inclined  rays  through  that  point. 

The  condition  for  a  rectilineal  branch  is  in  general  that  the 
sources  must  be  either  on  the  line  or  be  two  hy  two,  each  other's 
images  on  the  line.  For  if  not,  remove  all  the  sources  on  the  line 
and  all  pairs  of  sources  which  are  each  other's  images  in  the  line. 
fisxt,  remove  alt  sources  on  one  side  of  the  line  by  placing  equal 
sources  of  opposite  sign  at  the  place  of  their  images  The  straight 
Hue  is  still  a  stream  line,  and  on  one  side  of  it  there  are  no 
sources,  and  therefore  constant  potential,  which  is  absurd.  Simi- 
larly it  can  he  shown  that  a  circle  is  a  possible  stream  line  only 
when  the  sources  are  on  the  curve  or  image  each  other.  From 
this  it  follows  that  no  finite  number  of  sources  can  give  parallel 
rectilineal  streams  or  non -intersecting  circular  streams. 
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A  similar  investigation  applies  to  equipotential  liDes.  The  Image 
of  a  point  in  a  rectilineal  equipotential  line  is  the  same  in  position 
ao  the  image  in  a  etreaoi  line,  bnt  of  opposite  sign.  No  source 
can  lie  on  an  eqnipotential  lin«.  Hence,  to  sbow  that  for  right 
equipotential  line  the  points  most  image  two  by  two,  we  have  only 
to  remove  all  aonrcea  on  one  side  of  the  line,  placing  equal  soarces 
of  the  Bame  sign  at  their  images.  The  line  \&  still  equipotential, 
therefore  we  may  suppose  it  charged  to  constant  potential,  and  all 
sources  removed.  Hence  all  stream  lines  become  rectilineal,  which 
is  absurd.  Similarly  if  a  circle  is  equipotential,  the  soarces  must 
balance  about  it  two  by  two,  i.e.,  must  be  in  a  straight  line  with 
its  centre,  at  distances  to  which  the  radius  is  mean  proportional — 
otherwiae  we  can  find  a  system  reducible  to  a  single  point  at  the 
centre  of  the  circle,  and  in  which  all  stream  lines  are  rectilineal. 
Hence,  no  incomplete  system  can  have  a  rectilineal  or  circular 
potential  line. 

Point*  of  Inflexion  occur  st  all  points  on  the  locus — 

dx'  ^     dxdy  dx  dy*     dJi  ^"^■ 

Remembering  that 

dhi  _        (Ptt  _  .^/_^siD2fl'\ 
da^        ~    dy'         \  r'     )' 

(P«        _/      cos2fl\ 

we  can  readily  bring  (17)  into  the  form — 
j/mnMN  j/co.j»+£)\      , /co.  2»\  ^ /ein  f«+y)\  _  (, 


'%^'0     .        .  (.8). 


In  this  last  expression  ff  and  $"  may  assume  the  value  6. 

The  radins  of  curvature  may  be  similarly  expressed,  but  snch 
expressions  can  hardly  have  a  practical  application. 

The  cases  of  practical  interest  are  mainly  those  where  the  number 
of  sources  is  small.    We  have  already  examined  the  cases  of  two 
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Eiourcea  of  the  Game  or  opposite  signs.    We  nill  now  proceed  to 
consider  the  cases  that  arise  when  there  are  three  or  four  sonrces. 

Three  Sources. — In  general  the  curves  wilt  be  cubic  p&asing 
throngh  the  three  sources,  and  having  asymptotes  determined  as 
above.  The  direction  of  flow  at  any  point  of  the  field  may  be 
found  by  observing  that  if  p  be  the  angle  between  the  tangent 
and  a  radius  vector, 

It  will  sometimes  be  possible  to  find  the  direction  of  flow  geometri- 
cally by  the  following  obvious  theorem. 

If  a  circle  be  described  touching  a  stream  line  at  any  point,  and 
cutting  off  from  the  radii  vectores  of  that  point,  fractioDS  of  their 
lengths,  fi.  n',  &c.,  where  >>  is  negative  if  the  point  of  intersection 
is  in  the  radius  vector  produced,  and  also  negative  if  the  radius 
vector  is  drawn  from  a  sink,  then — 

When  the  number  of  sources  is  large  this  theorem  is  not  in 
general  convenient,  but  it  is  often  applicable  where  there  are  only 
three  points. 

The  lines  of  flow  can,  however,  be  readily  described  with  any 
degree  of  accuracy  when  there  is  one  sink,  by  describing  segments 
of  circles  with  constant  difference  of  angle  through  the  sink  and 
one  source,  and  drawing  through  the  other  source  straight  lines 
with  the  same  difference  of  angle.  The  stream  lines  will  be 
diagonals  of  the  qnadrilaterals  into  which  the  field  is  thus  divided. 
The  process  may  be  extended  to  the  case  of  two  sources  and  two 
sinks  by  taking  the  intersections  of  two  sets  of  circles. 

When  there  are  two  sources  and  one  sink,  the  singular  points 
may  be  found  by  an  easy  geometrical  method.  Let  A,  B,  be 
sources,  0  the  sink,  and  P  a  point  of  zero  velocity.  The  resultant 
velocity  due  to  A  and  G  k  in  the  tangent  to  the  circle  PAC,  and 
also— since  F  is  a  singular  point — in  the  line  PB.    Therefore — 

BPC  =  PAC. 
Similarly 

APC  =  PEC . 

Hence  PGA,  BGP  are  similar  triangles,  and  there  are  two  points 
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of  zero  flow,  P  and  F',  lyiag  in  the  line  biaectiiig  the  angle  C,  xad 
encb  that  PC  is  a  mean  proportional  to  fiC  and  AG.  The  directions 


of  the  orthogonal  branches  at  P  bisect  the  angle  APB  and  its 
supplement. 
For  the  initial  line  is  a  tangent  at  the  singular  points  if 


=  3(±!iE^)  =  0      .       .     (19). 

Let  now  APC  =  a,  BPC  =-^-  a  =  ff,  and  assume  the bisectoT 
of  APB  as  initial  line.    Then 


i  \?A'      PB7 


1     _    1      Bin-  ff 
PA      PC  '    .,  C 


7w   PC* '  ~rc 

2/ 


which  satisfies  (20). 

The  chief  interest  lies  in  the  cases  where  the  cubic  breaks  up 
into  a  straight  line  and  a  conic.  This  takes  place  for  one  stream 
line  of  the  system  when  all  the  sources  lie  on  a  straight  line,  or 
when  they  form  an  isosceles  triangle  with  points  of  the  same  sign 
nt  the  base.    The  cases  are — 
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1.  3W  Sowcet  and  a  Sink. — The  conio  is  always  a  ctrcb  with 
tbe  Bink  as  ceotie.  If  tb«  sink  lies  io  the  line  of  the  Hourcea  pro- 
duced, the  radius  of  the  circle  is  a  meao  proportional  to  the  dis- 
tances of  the  sink  from  the  sources.  If  the  sink  lie  between  the 
sources,  the  circle  is  impossible.  If  the  sink  is  the  vertex  of  an 
isosceles  triangle,  the  circle  passes  through  both  sources,  and  all 
asymptotes  meet  in  the  point  of  zero  flow  furthest  from  the  sources. 
If  the  sink  is  half  way  between  the  sources,  there  are  two  straight 
lines  and  a  real  and  impossible  circle. 

2.  Three  Stnircet  of  the  tame  Sign. — Every  stream  line  has 
three  asymptotes,  meeting  in  the  centre  of  gravity,  and  inclined  at 

angles  of  y  .     If  one  of  these  asymptotes  becomes  a  branch,  the 

other  branch  is  a  hyperbola,  with  centre  of  gravity  as  centre,  and 
axes  in  ratio  of  >/3  to  1.  If  the  points  form  an  isosceles  triangle, 
the  hyperbola  passes  throagb  the  extremities  of  the  base.  If  the 
triangle  is  equUateral,  the  hyperbola  coincides  with  its  asymptotes. 

If  the  vertical  angle  is  less  than  -«  i  the  rectilineal  branch  is  the 
transverse  axis ;  if  greater  than  -g-,  it  is  the  conjugate.    If  the 

points  are  all  in  a  linct  the  vertices  of  the  hyperbola  lie  on  that 
line,  and  are  the  points  of  zero  flow,  which  are  easily  found.  If  one 
point  is  half  way  between  the  other  two,  we  have  two  rectilineal 
branches  and  two  hyperbolas,  the  conjugate  axis  of  the  one  being 
equal  to  the  transverse  axis  of  the  other.  The  hyperbolas  are, 
therefore,  con  focal. 

Fotir  PoifUe.— Complete  SyiUm. 

Singular  PoinU. — If  A  and  fi  are  sources,  C  and  D  sinks,  there 
is  a  singular  point  at  P,  if  the  circles  APC,  BPD,  and  also  APD, 
BFG  touch  at  P.  Hence,  there  are  no  real  singular  points  if  the 
sides  of  the  quadrilateral  ACBD  intersect,  unless  all  the  points  be 
on  a  circle,  which  in  this  case  contains  all  the  singular  points. 

Straight  Line*. — The  one  stream  line  which  has  an  asymptote  is 
of  the  third  degree.  If  a  straight  line  is  one  factor,  the  other 
factor  is  a  conic,  which  is  always  a  circle.  For  if  A,  C  are  tbe 
images  of  B,  D  respectively  in  the  straight  line,  a  circle  can  he 
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drawn  thnragh  tUem,  which  Ib  obviously  the  branch  sought.  But  if 
A,£  lie  without  the  line,  and  0,  Don  it,  acircle  through  A,  B  hav- 
ing its  centre  0  in  CD  produced,  bo  that  OA  is  a  mean  proportional 
between  OC  and  OD  is  the  circle  leqaired.  IF  ABCD  are  all  on  a 
Btraight  line,  the  other  branch  ia  maairestly  a  circle  with  centre  on 
tbe  tine. 

Conict. — The  parabola  is  an  impoasible  conic  for  any  finite  num- 
ber of  points.  For  the  parabola  has  two  asymptotes  meeting  at 
infinity.  Hence  the  centre  of  gravity  of  an  incomplete  system,  or 
of  the  sinks  and  sources  separately  in  a  complete  system,  must 
beat  an  infinite  distance,  which  is  absurd.  The  oonics  are  there- 
fore central. 

The  hyperbola,  which  has  two  aaymptotes,  is  only  possible  when 
the  cubic  reducea  to  a  conic.  Tbia  demands  that  the  centre  of 
gravity  of  sinks  and  sources  shall  coincide,  i.e.,  that  Afi,  CD  are 
dit^nala  of  a  parallelogram.  The  asymptotes  must  meet  at  right 
angles,  and  tbe  hyperbola  is  equilateral.  It  is  obvious,  indeed, 
that  in  this  case  the  sources  and  sinks  give  separately  sets  of  con- 
oentrio  rectangalar  hyperbolae,  of  wliich  the  one  passing  through 
the  four  points  belongs  to  both  sets,  and  is  the  only  asymptotic 
curve  of  the  complete  system. 

In  this  case  the  eqnipotential  lines  are  lemniscatea.  Let  the 
origin  be  the  centre  of  the  system,  2a  and  2b  the  diagonals  of  the 
parallelogram,  a  and  ^  their  angles  with  the  initial  line.  At  any 
point  P 

AP^  BP'+  XCP'.  DP"  -  0. 

That  is, 

r*  +  B*  -  2aV  cos  2  0-a  +  X(r*  +  b*  -  26V  cos  2  0  -  $)=  0 

(1  +  A)(r'  +  o')  -  2r^  coa  2$  (a*  cos  2a  +  At'  cos  2)3) 

+  2r*Bin20(aUin2a  +  Xb' ein  2^)  -  0. 

When  X=  -  ir -oo .  the  curve  becomes 

(6*  sin  20  -  a'  sin  2<i)(r*  +  o")  -  2o'6V  sin  2(0  -  a)  cos  2tf  =  0 , 
a  lemniscate,  with  foci  on  the  initial  line,  and  centre  at  the  origin. 
Tf  the  pardlelogram  is  a  rectangle  a  =  &,  and  the  curve  is 

r'  -  2aV'  ""^^       ^^  coa  2$  +  a'  =  0. 

cog  -ffTf-^ 

vol.  Tir.  N 
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It  is  eoflil;  shovD  that  the  stream  lines  orthogonal  to  these  are 
lemniBcates  with  the  same  ceDtre,  pasaing  through  the  four  poiote, 
one  of  which  becomes  a  circle  when  the  parallelogram  ia  rectan- 
gnlar. 

The  ellipse  appears  t^i  be  an  impossible  oonic  for  four  points, 
for  conies  occni  in  pairs  orthogonal  to  each  other.  The  orthogonal 
of  the  ellipse  must  be  a  confocal  hyperbola,  whioh  is  impossible, 
the  only  hyperbola  being  that  discussed  above.  Orthogonal  cirolea, 
however,  are  possible,  aod  fall  under  two  classes,  according  as  all 
the  points  are  on  one  circle,  or  two  on  each. 

If  ABOD  lie  on  a  circle,  tbat  circle  is  obviously  a  stream  line. 
Let  fiA.DG  produced  meet  in  0.  Then  OA.OB  =  OO.OD,  and 
the  oircle,  with  centre  0  and  nidins  JOAMB  is  the  other  branch 
of  the  Btream  line.  If  0  lies  within  the  ciicle  ABGS,  the  second 
oircle  becomee  impossible.  If  OA.BD  produced  meet  B  and 
CB.AD  in  S,  B  and  S  are  centres  of  equipotential  circles,  only 
one  of  which  ia  real,  unless  the  second  stream  circle  is  imaginary. 
We  may  take  as  an  example  the  case  of  a  rectangle,  points  of  the 
same  sign  lying  on  the  same  diagonal.  Let  the  circle  through  the 
four  points  be  (2a  and  26  being  the  sides  of  the  rectangle) 

The  other  branch  is  the  imaginary  circle 

«^  +  y'  +  o»  +  &*  =  0; 
and  we  know  that  another  stream  line  is  the  hyperbola 

y'-a?-a'  +  6'=0. 
Hence  the  stream  lines  are 

(it*  +  yV  -  (o*  +  6')*  +  A(y*-a?-a»+6')  =  0, 
lemniscates  as  above. 
The  equipotential  circles  degenerate  into  the  straight  lines 
a;  =  0    and    y  =  0. 

If  0  be  the  point  in  CD  produced  which  is  equidistant  from  A 
and  B,  and  OC.OD  =  OA'  =  0B»,  the  circle  with  0  as  centre 
passing  through  A,B  is  a  line  of  flow. 

The  circle  having  its  centre  F  in  AB  produced,  and  passing 
through  CD,  Is  obviously  orthogonal;  and  since  PA.PB<=  PC 
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a  PD*  IB  also  a  line  of  flow.  In  this  oase  both  circleB  are  necea- 
eaiily  refU. 

It  is  clearly  impossible  that  the  Bame  Bjstem  should  have  two 
pairs  nf  circular  stream  lines  of  eitherof  the  classes  we  have 
analysed.  Nor  can  two  complete  pairs  of  different  classes  occur, 
since  otherwise  two  stream  lines  would  intersect.  But  three  real 
and  an  imaginary  circle  ais  possible,  if  ABCD  lie  on  a  circle, 
and  at  the  same  time  obey  the  condition  for  a  pair  of  circles  of 
the  second  class,  that  is,  if  AB  produced  pass  through  the  pole  of 
GS  with  respect  to  the  circle  ABCD.  The  three  circles  are  mani- 
festly orthogonal,  and  their  radical  centre  is  centre  of  the  fourth 
(imaginary)  circle. 

If  the  oiTcIe  through  ABGD  is 

the  lines  AB,  CD  respectively 

M=  hx  +  ky  -a*  =  0 
V  =  A'a!  +  t'y  -  a'  =  0 , 
we  have 

hh'  +  kk'  -a'  =  Q, 

and  the  second  and  third  circles  become 

S  -  2«  =  0 

S  -  2t-  =  0 . 

The  fourth  or  imaginary  circle  is 

S  -  2tD=  0, 
where 

^     hk!  -kh'   ^  W^kh'         ' 
v>  =  0  representing  the  polar  of  the  intersection  of  AB,  CD. 
Thus  the  equation  to  the  stream  lines  may  be  written 
(3  -  2«X9  -  2f)  +  XS(S  -  2tt.)  =  0 , 
or, 

(1  +  \)Sl'  -  2(M  +  «  +  \w)S  +  4«tJ  =  0 , 

which  degenerates  into  a  cuhio  when  X  =  -  1. 

The  equations  may,  in  general,  be  simplified  by  a  proper  choloe 
of  co-ordinates. 
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Take, for  esample,  tJie  casewheD  S  — 2u,  S— 2t>are  equal  oircles. 
Then  A'  +  fc'  -  A''  +  ft" , 

and  by  proper  choice  of  axee, 


4  -    -  i' 

i'-  *'  -  0". 

Hence, 

»=?--. 

The  lines  become 

(l+XjS-- 

-2(2*,- 

■2«'+^-A<.')s  +  4(ij 

If  ihe  three  circles  are  equal,  we  have  further, 

4-  +  f  .  2«' 

'-^S 

»'2 

Accurate  drawioge  of  tbis  case,  and  of  the  lemniacatee  in  the 
case  cf  a  rectaagalar  parallelogram,  have  been  prepared,  to  accom- 
pany this  paper,  by  MeBBra  Ueik  and  Brebner,  in  the  Phyaical 
Laboratory  of  the  University.  The  dotted  lines  in  these  diagrams 
show  the  lines  of  flow  when  the  signs  of  a  eoarce  and  sink  ara 
transposed.* 

Verifications  have  been  sought  by  determining  eqaipotential 
lines  experimentally,  and  anperposing  them  upon  drawings  of  the 
stream  lines.  The  experiments  were  executed  by  students  in  the 
Physical  Laboratory.  The  process  employed  was  essentially  that  of 
Eirchhoff,  but  the  use  of  Thomson's  galvanometers  has  made  it 
much  more  rapid,  as  veil  as  more  delicate. 

Spherical  Suifacea. — To  extend  the  method  above  used  to  spheri- 

*  That  a  greater  variet;  of  carreg  might  be  given,  without  overcrowding 
the  figure,  the  two  aidaa  of  one  of  the  iliagraiDB  have  been  made  Dnaym- 
metriMl,  some  of  the  cnrrM  being  given  (in  half)  on  the  one  aide,  othen  on 
the  other. 
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eel  Borraoes,  we  moBt  take  aa  Btarting  point,  Dot  a  eingle  aouice, 
but  a  source  and  sink  at  the  extTemitiee  of  a  diameter.  For 
brevity,  we  shall  speak  only  of  the  source,  assomiog  the  exietence 
of  a  coiresponding  sink. 

When  there  is  one  source,  the  stream  lines  are  manifestly  great 
circles  through  it,  and  the  eqnipotential  liueB  email  circles,  of  which 
it  IB  the  pole. 

If  the  radiuB  of  the  sphere  is  a,  the  circumference  of  the  small 
circle,  whose  angular  radius  is  $,  is  2ira  sin  6,  Hence  if  w  be  the 
potential, 

du  1 

d9  BID  $ 

2     *l+coaS 
For  any  number  of  aourcea  the  potential  will  be 

and  the  equatiou  of  the  equipotential  Udcs, 

l-coatf,        ^    (,  1-coey,       1-coetf 


1  +  COSfl,     ■     1  +  OOS*,""  l  +  COB**,    '     l+COB(f,"'' 

the  accented  angles  belonging  to  sinks. 

For  the  lines  of  flow  we  have,  precisely  as  in  a  plane,  x(±  f )  =■  c, 
where  ji  a  the  aogle  between  the  great  circle  through  a  source 
and  a  point  on  the  line,  aod  a  fixed  great  circle  through  the  soarce. 

Let  us  take,  as  an  example,  the  case  of  one  source  and  one  sink. 
Let  the  co-ordinates  of  these  points  be  h,  i,  0 ;  h,  —  k,  0,  and  those 
of  any  point  od  an  equipotential  line,  x,  y,  z. 

Wo  have  for  the  equation  of  this  line, 

1  -  COB$  ^    ,    l-costf'        f. 

where 

»,«  .  '"+/»,  co.»  .  *'-^. 

Hence  the  projections  of  the  equipotential  lines  on  the  plane  of 
xy  have  as  equation, 
(a*-he-ky)(a'  +  Ax-Ay)  +  X(o'-/u:  +  %)(a' +  A*  +ijF)  =  0, 
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a'  +  Ay  -  AV  -  2  = — ~  a>ky  =  0 

— a  series  of  similar  hyperbolas,  vbose  oeDtres  lie  od  the  axis  of  y, 
whose  axes  are  parallel  to  the  co-ordioate  axes,  aod  inversely  pro- 
portional to  the  co-oidinates  of  the  souroe,  and  which  all  cut  the 

axis  of  X  at  points  distant  ±  ^  from  the  origin.    Obviously  one 

of  the  lines  is  the  great  citcle  perpendicular  to  the  line  joining  the 
sonroee. 

For  the  stream  lines  we  have  in  this  case, 

f    -    ?'   =  e, 
observing  that 

tan  p  = 


aA  -  Ay 


This  eqnation  becomes 

kV  -  Ay  -  oV  +  Aa»  =  0, 

a  cone  which  intersects  the  tangent  plane  to  the  sphere  at  (he 
extremity  of  the  axis  of  x,  in  a  series  of  similar  ellipses,  having 
their  centres  on  the  intersection  of  the  plane  with  the  plane  of  xx, 

and  passing  through  the  points  a,  =i=  — ,  0.     Two  of  the  stream 

lines  are  manifestly  great  circles,  whose  equations  are  x  =  0  and 
>  =  0. 

If  we  divide  the  sphete  along  the  former  of  these  circles,  we  cut 
off  the  subsidiary  source  and  sin^  and  get  the  case  of  a  hemisphere, 
in  which  the  source  and  sink  are  equidistant  from  the  pole.  A 
onrions  hemispherical  case  is  got  by  dividing  the  sphere  along  the 
equipotential  hemisphere.  In  this  case  we  have  two  sources  of 
the  same  sign  within  the  hemisphere,  one  being  the  subsidiary 
source  of  the  removed  sink.  But  in  order  that  the  distribution 
may  remain  unchanged,  we  must  have  the  potential  maintained 
constant  at  the  edge  of  the  hemisphere.  This  may  be  effected  by 
making  the  base  a  conductor  with  a  sink  at  its  centre,  oi,  indeed, 
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bj  placing  the  sink  at  the  vertex  of  any  condactlng  Borfaoe  of 
levolntion  which  joins  the  hemisphere.  From  these  faemispheie 
caBBB,  obvioos  cases  of  half  and  qnartei  hemispheres  follow. 


i.  On  the  Eombi  Arrow-Poison  {Strophanthua  htapidus,  DC.) 
of  the  Manganja  district  of  Africa.    By  Dr  Thomas  K. 

Fraser. 

(Jhitract.) 

In  nearly  every  nairative  of  exploration  in  nnoiviliaed  tropical 
regions,  accounts  are  given,  often  no  doubt  somewhat  fanciful,  of 
poisonous  substances  which  are  eaid  to  possess  the  most  remark- 
able properties.  TTsnally  these  poisons  aie  of  vegetable  origin ;  and 
the  great  majority  may  be  included  in  the  two  divisions  of  ordeal 
and  of  arrow  poisons,  according  as  they  are  applied  to  one  or  other 
of  these  purposes.  Amoag  the  most  remarkable  of  the  ordeal- 
poitont  are  the  Tanghinia  venifera  of  Madagascar,  the  Phyiottigma 
ven«no*um  of  Old  Calabar,  and  the  Akazga  poison  of  the  Gaboon  ; 
and  of  the  arraupoiiont,  tbe  famous  Gurara  or  Wourali of  South 
America,  and  the  Antiari*  loxicaria  of  Java, 

The  examiaation  of  these  substances  has  not  only  proved  of 
great  value  to  physiology,  but  practical  medicine  has  likewise  been 
benefited — one  of  them,  at  least,  being  now  an  important  medicinal 
agent. 

In  bringing  before  the  Society  a  few  of  the  results  of  a  recent 
examination  of  a  new  arrow-poison,  the  author  has  to  express  his 
gratitude  to  the  President,  who  very  kindly  gave  him  tbe  specimens 
of  poison  with  which  the  experiments  have  been  made.  These 
speoimens,  consisting  of  a  number  of  ripe  follicles,  were  sent  to  Dr 
Christison  by  Mr  Walker,  and  were  collected  in  the  expedition  of 
the  late  Bishop  U'Eenzie. 

Several  specimens  of  the  poison  have  likewise  been  sent  to  Pro- 
fessor Sharpey  by  Dr  Eirk,  H.M.  consul  at  Zanzibar.  Dr  Kirk 
says  "  that  the  plant  is  a  woody  climber,  growing  in  the  forest,  both 
of  the  valley  and  hills,  and  found  at  various  places  between  the 
coast  and  the  centre  of  the  continent,  above  the  Victoria  Falls  of 
the  Zambesi.  The  stem  is  several  inches  in  diameter,  and  rongh 
outside.    The  plant  climbs  up  the  highest  trees,  and  hangs  irom 
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one  to  the  other  like  a  bush  vioe.  The  flowers  are  of  a  pale  yellow, 
and  laet  for  but  a  ehort  time  during  the  monthB  precediDg  the  firat 
laina  of  the  season  (October  and  NoTember).  The  fruit  is  ripe  in 
June,  and  collected  by  the  natives,  who  separate  the  rough  outer 
coat  before  drying  it,  pTeeerring  the  more  leathery  inner  covering 
and  theBeeds.'" 

Dr  Liringstone  gives  some  interesting  information  regarding  the 
poison  in  his  "  Narrative  of  an  Expedition  to  the  Zambesi  and  its 
Tribntaries."  He  mentiona  that  amwa  poisoned  vith  it  are  used 
for  killing  vild  animals  only ;  arrows  destined  for  the  more  noble 
object  of  killing  men  being  poisoned  with  the  entrails  of  a  small 
caterpillar.  Dr  Livingstone  says  that  in  hunting,  the  natives  follow 
the  game  with  great  perseverance  and  cunning;— "The  arrow,  mak- 
ing no  noise,  the  herd  is  followed  until  the  poison  takes  effect,  and 
the  wounded  animal  falla  out;  it  is  then  patiently  watched  till  it 
drops;  a  portion  of  meat  round  the  wonnd  is  cut  away,  and  all  the 
rest  eaten"  (p.  465). 

Dr  Livingstone  also  says  that  the  poisoned  arrows  are  made  in 
two  pieces.  "  An  iron  barb  is  firmly  fastened  to  one  end  of  a  small 
wand  of  wood,  ten  inches  or  a  foot  long,  the  other  end  of  which, 
fined  down  to  a  long  point,  is  nicely  fitted,  though  not  otherwise 
secured,  in  the  hollow  of  the  reed  which  forms  the  arrow-shaft. 
The  wood  immediately  below  the  iron  head  is  smeared  with  the 
poison.  When  the  arrow  is  shot  into  an  animal,  the  reed  either 
falls  to  the  gronnd  at  once,  or  is  very  soon  brushed  off  by  the  bushes ; 
but  the  iron  barb  and  poisoned  upper  part  of  the  wood  remain  in 
the  wound.  If  made  in  one  piece,  the  arrow  would  often  be  torn 
out,  head  and  all,  by  the  long  shaft  catching  in  the  underwood,  and 
striking  against  trees  "  (p.  166). 

The  follicles  examined  by  the  author  vary  in  length  from  about 
nine  and  three-fourths,  to  about  twelve  and  one-fourth  inches,  and 
in  greatest  ihiehieM  from  about  one  inch  to  three-fourths  of  an  inch, 
and  they  vary  in  teeighi  from  about  130  to  330  grains.  They  con- 
tain from  100  to  200  seeds,  each  of  which  weighs  about  half  a  grain, 
and  has  attached  to  it  a  beautiful  comose  appendix,  placed  on  an 
extremely  brittle  stalk.  For  the  identification  of  the  plant  the 
author  is  indebted  to  Professor  Olivet  of  Eew,  who  writes,  in  a  letter 
•  EitsBcl  from  letter  to  Profeewr  Sharpey,  dated  Jaenarf  1, 18C4. 
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Oated  lOHi  Dec.  18(j9, — "  I  reopen  your  note  to  say  that  I  have  just 
(liasecteJ  a  flower,  ami  coDclude  to  name  the  Kombi  plont  Stropkan- 
thia  hitjndui,  DC."     This  plant  lielongs  to  the  natural  order  A^- 

When  the  seeds  contained  in  these  follicles  are  bruised  and 
treated  in  a  percolator  with  rectified  spirit,  a  greenish  yellow  tinc- 
ture is  obtained.  By  distilling  off  the  greater  part  of  the  spirit,  and 
drying  the  residue  on  a  water  bath,  and  in  the  exhausted  receiver  of 
an  air-pump,  an  extract  is  procured  which  weighs  about  25  per  cent. 
of  the  seeds  employed,  has  an  intensely  bitter  taste,  and  contains 
about  one  half  of  its  weight  of  an  inert  fixed  oil.  From  this  extract 
the  author  has  succeeded  in  separating  a  very  powerful  active 
principle. 

As,  however,  the  greater  number  of  the  experiments  have  been 
made  with  the  extract,  the  results  of  these  experiments  only  will  be 
described  in  the  following  brief  account  of  the  physiological  action 
of  the  Rombi  arrow-poison,  it  being  understood  that  the  action  of  the 
active  principle  is  of  the  same  character. 

When  a  small  dose  (j^jth  of  a  grain)  of  this  extract  is  mixed  with 
a  few  minims  of  water,  and  injected  under  the  skin  of  a  frog,  no 
distinct  symptom  is  seen  until  about  half  an  hour,  when  the 
animal's  movements  become  somewhat  sluggish.  Soon  afterwards 
the  respirations  cease,  some  stiffness  occurs  in  the  thoracic  extremi- 
ties, reflex  sensibility  diminishes,  some  stifl'ness  appears  in  the 
pelvic  extremities,  and  in  about  two  houra  after  the  administration, 
voluntary  movements  entirely  cease,  and  strong  galvanic  irritation 
produces  no  effect,  even  whtn  applied  to  exposed  muscles  and 
nerves.  An  examination  of  the  heart  shows  that  it  is  completely 
paralysed,  the  ventricles  being  pale  and  contracted,  while  the 
auricles  are  dark  and  distended. 

It  was  obviously  suggested  by  these  phenomena  that  this  sub- 
stance acts  as  a  cardiac  poison;  and,  accordingly,  some  experiments 
were  made  in  which  the  heart  was  exposed  before  the  ltd  ministration, 
of  which  thd  following  is  an  example : — 

One-tenth  of  a  grain  of  extract  was  injected  under  the  skin  of  a 
frog.  Five  minutes  thereafter,  it  was  observed  that  the  ventricular 
systole  was  somewhat  prolonged;  in  six  minutes,  the  ventricular 
diastole  was  imperfect,  so  that  only  portions  of  the  ventricle  dilnted 

vol,.  VII.  0 
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to  admit  blood  from  the  auricles;  in  six  minutes  and  thirty 
secoDds,  the  greater  portion  of  the  ventricle  waa  continuously  pale 
and  contracted,  each  aurlcnlar  eystola  propelling  merely  a  small 
drop  of  blood  into  the  ventricle,  where  it  produced  a  darh,  pouch- 
like projection,  which  at  times  disappeared,  and  at  other  times 
only  changed  its  position  during  the  imperfect  systole  of  the  ven- 
tricle ;  in  seven  minutes,  the  ventricle  altogether  ceased  to  con- 
tract, while  the  movements  of  the  auricles  continued  at  nearly 
tba  normal  rate;  and  in  eighteen  minutes,  the  auricles  in  their 
turn  became  motionless,  but,  in  place  of  being  contracted  and  empty 
like  the  ventricle,  they  were  distended  and  full  of  dark  blood. 
Notwithstanding  this  absolute  paralysis  of  the  heart,  respiratory 
movements  occurred  for  thirty-five  mlnntea  after  the  ventricle  had 
ceased  to  contract,  and  the  frog  jumped  about  actively  for  some 
time  after  this. 

The  experiments  that  have  been  performed  with  birds  and  mam- 
mals have  likewise  shown  that  this  poison  acts  primarily  on  tho 
heart. 

An  endeavour  was  made  to  ascertain  by  what  mode  of  action 
these  very  peculiar  cardiac  effects  are  produced.  With  this  object 
experimenta  were  made,  in  which  the  cerebrO'Bpinal  axis  was  com- 
pletely destroyed,  in  which  the  vagi  nerves  were  divided,  and  in 
which  the  peripheral  terminations  of  the  vagi  were  paralysed  by 
atropia,  previously  to  the  exhibition  of  the  Eombi  poison  ;  but  no 
important  modiScations  were  thereby  caused,  and  it  is  therefore 
obvious  that  the  action  on  the  heart  is  not  exerted  through  the 
cerebro-spinal  nerves.  In  other  experiments,  after  complete  cardiac 
paralysis,  the  surface  of  the  heart  was  irritated  by  galvanic  and 
other  stimulants,  hut  no  effect  was  thereby  caused. 

Another  very  prominent  action  of  this  pnison  is  that  exerted  on 
the  voluntary  muscles,  by  which  their  activity  is  gradually  impaired, 
and  finally  completely  destroyed,  so  that  the  muscles  are  quickly  in 
a  condition  of  true  rigor  mortit. 

Regarding  the  other  physiological  effects,  it  is  sufficient  briefly 
to  mention  that  the  sensory  and  motor  spinal  nerves,  the  abdominal 
and  cervical  sympathetics,  and  the  muscular  walls  of  the  stomach, 
intestines,  bladder,  and  uterus,  are  paralysed  at  an  early  stage, 
although  not  until  the  blood-heart  lias  ceased  to  contract;  while 

DiqitlzscbyGOOqlC 


0/  Edinburgh,  Seseton  186&-70.  103 

Die  lymph-hearts  of  the  frog  niaiDtain  a  normal  rate  long  after 
paralysis  of  the  blood -he  art.* 

From  these  results  it  is  apparent,  that  the  primary  action  of  the 
Kombi  arrow-poisoD  is  isolated  in  Ihe  heart,  and  that  it  may  there- 
fore be  included  in  the  class  of  the  eardiae  potioni, — a  class  of 
poisons  whose  action  has  been  most  accurately  defined  by  the 
researches  of  KoUiker,  Vulpian,  Peltkan,  Hammond  and  Weir 
Mitchell,  Hilton  Fagge  and  Stevenson,  Holme,  DibkowEky,  and 
others. 

5.  On  Thebo-lactic  Acid.  By  J.  Y.  Buclianan,  M.A. 
Thebo-lactic  acid  was  discovered  in  Turkey  opium  by  Messrs  T. 
&  H.  Smith,  the  eminent  morphia  manufacturers  of  this  city.  It 
was  examined  by  Steohouse,  and  found  to  have  the  same  composition 
as  lactic  acid,  from  which,  however,  it  was  supposed  by  the  Messrs 
Smith  to  difiei  in  the  crystalline  form  of  its  copper  and  morphia 
salts.  At  present  we  are  acquainted  with  three  isomeric  lactic  acids, 
two  of  them  differing  from  each  other  chemically,  whilst  the  third 
is  distinguished  by  its  power  of  rotating  the  plane  of  polarisation 
of  light.  The  lost  named  acid,  having  been  but  recentlyt  discovered, 
it  is  impossible  to  say  whether  it  possesses  any  decidedly  distinctive 
chemical  properties  or  not.  The  other  two,  namely,  the  ordinary 
or  etbyliden — and  the  ethylen-lactic  acids,  possess  perfectly  distinct 
chemical  properties,  determined  by  the  different  relative  position 
in  each  of  the  alcoholic  hydrosyl.  The  following  rational  formulte 
express  the  different  constitution  of  the  two  acids : — 
CH,  CH,OH 

CHOH  CH, 

COOH  COOH 

Ordinary  lactic  acid.  Ethflcn-lactic  ucii! 

They  may  bo  distinguished  at  once  by  replacing  in  eacli  the 
alcoholic  hydroxyl  by  chlorine.  We  thus  obtain  from  ordinary 
lactic  acid  the  so-called  a-,  from  ethylen-lactic  acid,  the  j8-  chloro- 

■  The  autboi  is  indebted  to  ProfeBsor  Sbarpey  of  London  for  an  accouot 
of  some  experiments  mnde  witit  this  poison  in  1862.  The  results  mentioned 
in  the  above  abstract  hnrmoniBe  in  the  most  aatisfuctury  mauucr  with  (Lose 
obtained  by  Profoaaor  Sliarpey. 

t  Berichtc  dor  Dentschen  Chem.  0©g.  1860,  620. 
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propionic  acid.  These  two  bodies  poesess  euch  difiereDt  propertiee, 
that  the;  may  be  at  once  and  with  certainty  recognised. 

The  task,  therefore,  which  I  net  myself,  was,  by  the  assiGtanoe  of 
the  chlorinated  acid,  to  determine  the  position  in  the  molecule 
of  the  alcoholic  hydroiyl.  Thebo-lactate  of  lime,  dried  at  150°,  was 
treated  with  perchloride  of  phoephorutj  in  the  proportion  of  two 
molecules  of  the  latter  to  one  of  the  former.  This  miztnie  was 
heated  in  &  retort,  attached  to  the  lower  end  of  a  Liebig'e  condenaer, 
until  the  diseDgagemeut  of  hydrochloric  acid  ceased,  when  the 
condenser  was  reversed  and  the  volatile  products  distilled  off.  By 
this  means  the  decomposition  is  so  complete  that  the  residue,  con- 
uisting  of  chloride  of  calcium,  may  be  heated  until  the  glass  of  the 
retort  softens  without  carboniaing  to  any  very  sensible  extent. 
The  distillate  waa  separated  by  rectification  up  to  111"  into  a  residue, 
which  did  not  distil  without  partial  decomposition,  and  a  distillate. 
The  latter  was  treated  with  the  necessary  precautions*  with  water, 
to  obtain  the  chlorinated  acid,  and  the  former  with  abeolute  alcohol, 
to  obtain  its  ether. 

The  acid  thus  obtained  possessed  all  the  projiertieB  of  that  formed 
from  ordinary  lactic  acid.  A  chlorine  determination  gave  3295 
per  cent,  chlorine.  The  theoretical  amount  calculated  from  the  for- 
mula CjHjClO,  ia  32-72.  Its  specific  gravity  is  1-27,  against  1-28 
found  for  the  acid  derived  from  ordinary  lactic  acid.  It  passed 
entirely  between  185°  and  186°;  the  boOing  point  of  a-  chloropro- 
pionic  acid  is  186°.  The  two  acids  have  also  the  same  outward 
appearance,  being  colourleas,  uncryetatlisahle  liquids,  postwi^sing  tiie 
same  smell,  and  exercising  the  same  corrosive  action  on  the  akin, 
unaccompanied  by  pain  or  blisters. 

The  ether  also  possesses  exactly  the  same  properties  as  that  pre- 
pared from  ordinary  lactic  acid.  A  chlorine  determination  gave 
26'34  instead  of  26-01  per  cent,  demanded  by  the  formula  Cj,H,CIO,. 
They  both  boil  at  144°,  and  have  the  some  smell ;  they  are  also 
both  formed  with  great  ease  by  heating  their  acide  with  akoJiol  and 
sulphuric  acid. 

It  is  thus  evident  that  the  chlorinated  acids  obtained  by  tlie  same 

means  from  the  two  acids  under  comparison  are  identical.      The 

chlorine,  therefore,  in  both  cases,  is  united  to  the  same  carbon  atom, 

'  Cotnrf.  Iteniltxvl.  1167. 
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and  coDBequently  the  acids,  in  which  this  chlorioe  ie  replaced  by 
bydroxyl,  have  this  last  named  group  attached  to  the  same  carbon 
fitom,  and  are  therefore  identical. 

It  is  proper  to  mention  that  ail  the  above  experiments  on 
thebo-lactic  acid  were  repeated  with  ordipary  lactic  acid,  and  with 
uniformly  Identical  resnlts. 

The  copper  salts  of  thebo-la«tic  and  of  ordinary  lactic  acids  were 
prepared  side  by  side,  as  nearly  as  possible  under  the  same  con- 
ditions, and  in  similar  vessels,  and  on  comparing  the  two  salts,  it 
was  impossible  to  detect  the  slightest  difference  in  tbeir  crystalline 
form.  The  free  acid  ia  concentrated  solution  produced  do  effect  on 
the  plane  of  polarisation  of  light. 

I  am  engaged  at  present  on  the  further  comparison  of  the  acids, 
and  hope  to  have  the  honour  of  communicating  my  results  to  the 
Society  on  a  future  occasion. 

In  concluding,  I  take  this  opportunity  of  expressing  my  best 
thanks  to  the  Messrs  Smith,  who  in  the  most  liberal  manner  placed 
at  my  disposal  a  large  quantity  of  perfectly  pure  tbebo-lactate  of  lime. 

G.  Oq  the  Bones  of  a  Seal  found  in  Bed  Clay  near  Grange- 
mouth, with  Remarks  on  the  Species.  By  Professor 
Turner. 

Towards  the  end  of  last  autumn,  one  of  my  pupils,  Mr  William 
Siirling,  B.Sc.,  requested  me  to  determine  some  bones  which  had 
been  found  whilst  sinking  a  new  shaft  for  a  pit  in  the  Crrangemouth 
coal-field.  On  examination,  I  found  these  bones  to  be  the  two 
halves  of  the  lower  jaw,  a  fiagment  of  the  upper  jaw  with  some  loose 
teeth,  the  right  temporal  bone,  the  atlas  with  fragments  of  other 
vertebrae,  the  glenoid  part  of  the  left  scapula,  tlie  right  astragalus 
and  femur,  and  small  fragments  of  other  bones  of  the  skeleton  of  a 
seal.  The  animal  had  not  reached  the  adult  state,  for  the  epiphyses 
of  the  femur  were  a6t  united  to  the  shaft.  The  bones  were  im- 
bedded in  a  stiff  red  clay. 

Early  in  the  present  year,  I  was  informed  by  Mr  Stirling,  the 
manager  of  the  Grangemouth  collieries,  that  Mr  Bums,  of  Glasgow, 
had  obtained  some  seal's  bones  from  the  same  locality,  and  had  ex- 
liibiteil  them  at  a  recent  meeting  of  the  Geological  Society  of  Glas- 
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gow.  Through  the  courtesy  of  Mr  Geikie  and  Mr  CroU  of  the 
Gteological  Stirvey,  I  have  had  the  opportunity  of  examiuiDg  the 
bones  obtained  by  Mr  BiirnB,  which  undoubtedly  formed  a  part  of 
the  skeleton  of  the  animal,  some  of  the  bones  of  which  Mi  Stirling 
had  previously  given  to  me,  for  I  found  amongst  them  the  miBaing 
condyloid  epiphysie  of  the  right  femur.  These  congifit  of  one  of  the 
cervical,  and  of  fragments  of  other  vertebm,  of  portions  of  the  ribs, 
of  the  left  occipital  condyle,  of  a  portion  of  the  innominate  bone 
and  acetabulum,  and  of  digital  bones,  more  especially  the  terminal 
phalanges. 

On  a  visit  to  the  locality  a  few  weeks  ego,  Mr  Stirling  gave 
me  the  following  particulars : — 

Id  the  summer  of  last  year  a  new  shaft  was  sunk  on  Towncroft 
Farm,  Grangemouth,  to  reach  the  coal  in  that  district  *  In  the 
course  of  the  operationsthefollovingstrata  were  bored  through: — 

ft.     In. 

Surface  soil 4    0 

Gravel  sand,      ......  0    9 

Blue  mud  and  sand, 16    0 

Channel  bed, 4    0 

Sand  and  water, 6    0 

Red  clay  mised  with  sand,                            .  11     0 

Pure  red  clay, 36    0 

Soft  blue  till, 38    0 

Red  sand, 10 

Blue  till, 5    0 

Sand, 10 

Hard  blue  till, 31    0 

155    9 
The  hard  blue  till  lies  on  the  rock  in  which  the  coal  occurs. 

*  In  a  paper  read  before  the  Oeotogicol  Society  of  EWnbnrgb,  Ma;  1869, 
and  pabliebed  in  their  Transactions,  Mr  Jea.  Cnll  baa  given  an  account  of 
the  geology  of  tbis  district;  and  in  a  paper  read  before  the  Geological  Society 
of  Olaagow,  April  2,  1868  (Transactions,  iii.  p.  1S3).  Mr  Jas.  Bennie  has 
recorded  the  letulU  obtained  in  tbe  coarse  of  "boring"  operations  in  the  vallej 
of  the  Clyde  near  Bovrlinff,  the  hangb  of  Balmoie,  the  valle;  of  the  Kelvin, 
and  ronnd  b;  the  aootb-eaitent  end  of  the  Campsie  Hills  into  the  ralley  of 
the  Forth,  near  Grangemouth,  which  reveal  that  "a  great  deep  hollow 
stretched  from  sea  to  sea,  fairly  splitting  Scotland  in  tvsin." 
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Whilst  removisg  the  blue  mud  and  sand,  superficial  to  tbe  chanuel 
bed,  the  lower  end  of  the  left  humerus  of  a  large  red  deer  was  met 
with. 

The  seal's  boues  were  found  near  the  bottom  of  tbe  pure  red  clay, 
at  a  depth  of  nearly  80  feet  from  the  present  surface  of  the  soil,  aod 
nearly  68  feet  below  tbe  present  sea-level.  The  shaft  of  the  pit  is 
530  yards  distant  from  the  Carron  river  lo  the  south,  and  1680 
yurds  from  the  estuaiy  of  tbe  Forth  on  the  east. 

That  bones  of  a  species  of  seal  have  occasionally  been  found  im- 
bedded in  clay,  in  tbe  middle  district  of  Scotland,  is  a  fact  well 
known  to  naturalists.  But  the  relations  which  these  bones  had  to 
the  surface,  and  to  the  present  sea-level,  differ  in  some  important 
particulars  from  those  of  the  Grangemouth  seal. 

In  1625,  Dr  Enox*  directed  attention  to  the  boues  of  a  seal  found 
near  Camelon,  in  a  bed  of  clay  90  feet  above  the  present  level  of  the 
Forth.  Dr  David  Page  describedf  and  presented  to  the  Museum 
of  Natural  History  in  this  city  the  almost  perfect  "  skeleton  of  a 
seal,  found  in  the  Pleistocene  clays  of  Stratheden,"  150  feet  above 
tbe  present  sea-level,  about  16  feet  from  tbe  surface  of  the  soil,  and 
about  5  miles  inland  from  the  influence  of  the  tides.^  Dr  Allman 
on  two  occasions  §  exhibited  to  this  Society  bones  of  a  seal — in  tbe 
one  instance,  obtained  from  the  Tyrie  clay-field,  Kirkcaldy,  30  feet 
above  the  present  sea-level,  18  or  19  feet  from  tbe  surface  of  the 
soil,  and  a  quarter  of  a  mile  from  the  shore  of  the  Forth;  in  tbe 
other  instance,  from  the  clay-field  at  Fortobello,  about  20  feet  above 
the  present  high-water  level,  and  about  15  feet  below  tbe  surface  of 

•  Memoirs  of  Wemerian  Society,  v.  S72. 

t  Proc.  Briliah  Aeaociation,  Sfpt.  1868. 

t  Since  m;  p&p«i  woa  read  to  the  Boyal  Society,  Dr  Page  hue  iuformed  me 
tbkt  be  obtniDed  a.  second  young  aeal's  ekeleton  from  the  Stratheden  c\ay, 
which  is  now  in  the  Maseum  of  Natntal  Biatory,  St  Andrews.  Nearly  perfect 
skeletoas  of  the  anrf  and  eider  ducks,  Oidema  and  Sotaateria,  were  found  in  tho 
same  clay.  Di  Page  also  tells  me  that  be  has  ohtaiuad  seaJ's  bonea  from  tli» 
Wick  cUya  at  Onibridge  and  Seafield,  neac  St  AodiewB;  from  a  brick-lieli) 
at  Dunbar;  and  from  brick  clay  at  Invemetty,  Aberdeen ehi re.  These  clays 
are  in  tho  same  horizon  as  tlie  Stratheden  clay.  I  find  sJso  tliat  the  skL-letoli 
of  the  young  seal,  in  tho  St  Andrew's  Museum,  has  been  carefully  described 
by  Mr  B.  Walker  (AtmaU  and  Magazine  of  /Natural  Eutory.  Nov.  1863).  He 
shows  clearly  that  it  is  not  Callotephatta  vilvlinut,  and  he  considera  it  to  ho  a 
young  individual  of  P.groenlavdkut.     I  have  not  yet  examined  tliia  specimen. 

\  Proc.  Roy.  Soc.  E<linburgh,  April  19,  1658,  and  March  21.  18G9. 


byGoot^lc 


108  I'roceediti^s  of  the  Itoyal  Switfy 

the  Boil.  The  Kev.  Thomas  Brown  showed  to  this  Society*  portioue 
of  the  skeleton  of  a  seal,  obtained  rrom  a  brick-field  at  Errol,  45 
feet  above  (he  preeent  Bea-level,  and  about  \\  mile  from  the  estuary 
of  the  Tay.  The  bones  were  well  imbedded  in  the  brick  clay,  which 
al«o  contained  ehelU  such  as  are  now  found  in  the  polar  sea^,  and 
which  testify  to  the  arctic  rigour  of  the  climate  at  the  time  when 
the  clay  was  deposited. 

As  to  the  character  of  the  clay  in  which  the  bones  of  the  Grange- 
mouth seal  were  found,  JLt  Peach,  who  has  surveyed  the  district,  and 
Mr  Geikie,  and  Mr  Croll,  pronounce  it  to  have  been  deposited 
undeT  decidedly  arctic  conditions.  Mr  Peach  also  tells  me  that  tlie 
Q-rangemouth  clay  iscootinuoue  with  that  at  Cainelon,  near  Falkirk, 
where  the  seal's  hones  which  Dr  Knox  examined  were  found,  and 
that  it  pOBsesBes  the  eame  characters  as  the  Strathedec  clay,  in 
which  lay  the  skeleton  of  the  seal  described  by  Dr  Page. 

Mr  David  Bobertson  of  Glasgow  has  also  examined  the  Grange- 
mouth red  clay  with  reference  to  the  occurrence  in  it  of  minute 
organisms.  He  reports  that  he  has  found  two  species  of  Fom- 
minifera,  Polymorphina,a>mpre»sa  (D'Orb)and  Nonionina  asteriztiiit 
(F.  &  M.),  and  one  species  of  Ostracoda,  Cytheropteron  montroaiemi. 
This  Oatracod  Mr  Robertson  etales  (o  be  common  in  the  brick  ctays 
of  Annocbie,  Dryleye,  Errol,  Elie,  and  Bannie  on  the  east  of  Scot- 
land, which  deposits  contain  arctic  shells  not  now  living  ou  tlic 
British  coasts. 

Mr  Bennie  also  informs  me  that  Mr  Robertson  has  obtained  from 
the  muddy  sand  and  fine  sandy  clay  which  overlie  the  Grangemoutli 
pure  red  clay,  fragments  of  shells,  the  TelUna  baltkica,  a  shell 
which,  Mr  Jefi'reys  states,  agrees  exactly  with  similar  fragmenls 
found  by  Professor  Lilljeborg  at  TJpsala.  No  fragments  of  shells 
have  as  yet  been  found  in  the  red  clay  itself.  The  geological  evi- 
dence is  in  favour  of  the  view  that  the  Grangemouth  clay  is  glucial, 
and  belongs  to  the  same  class  as  .other  undoubtedly  glacial  clays  on 
the  east  coast  of  Scotland.  The  differt^nce  in  the  relation  to  the 
present  sea-level  between  tbo  Grangemoutli  clay  and  the  other 
oUya  presents  no  difiSculty  in  placing  them  iu  the  same  category ; 
for  we  have  but  to  suppose  that,  during  the  period  of  submtrgence, 
when  these  clays  were  formed,  the  water  in  the  Grungemoutb 
■  Tfiinfl.  liciy.  Soc.  Eiiinburcli,  xxh:  p.  G29. 
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locality  was  some  200  feet  deeper  than  in  the  districta  of  Stretheden 
or  of  Errol,  BO  that  Ibe  change  id  the  relative  position  of  land  aad 
water  which  has  taken  place  since  tbat  time  has  caused  the  Strath- 
eden  claya  to  he  elevated  150  feet  ahove  the  present  sea-levei, 
whilst  tlie  GrangemoutL  clay  is  some  60  or  70  ftot  helow  it. 

I  shall  now  proceed  to  inquire  into  the'  characlers  of  the  bones 
of  the  Grraoi^emouth  seal,  with  the  view  of  determining — 1«(,  Whether 
the  animal  was  of  the  same  species  as  the  esals  whose  bones  have 
been  found  in  beds  of  clay  in  Scotland  by  other  natuTaliHts ;  and, 
2d,  Whether  the  species  is  or  is  not  the  common  seal,  CallocephaJut 
vitulinta,  which  now  freqnente  oui  coasts. 

With  regard  to  the  first  part  of  the  inquiry,  I  have  compared 
this  Grangemouth  seal  with  the  Errol  seal  found  by  the  Rev.  Thomas 
Brown,  with  the  skeleton  from  Stratheden,  and  with  tbe  hones  of 
tiie  Portobello  seal,  which  form  a  part  of  the  natural  history 
collection  in  the  Museum  of  Science  and  Art.  I  may  mention,  that 
the  bones  from  Portobello  have  received  some  important  additions 
since  Dr  Allnian  drew  attention  to  tbem  at  the  meeting  of  tbiii 
Society,  for  Dr  Andrew  Balfour,  by  whom  they  were  discovered, 
has  added  to  the  collection  one-half  of  tlie  lower  jaw  and  several 
teeth. 

As  regards  the  Errol  seal,  the  bones  recovered  were  vertehrte  and 
rihs,  of  which  two  only,  viz.,  the  atlas  and  one  of  the  lower  cervical 
vertehrsa,  have  representatives  in  tbe  Grangemouth  skeleton.  Tbe 
Errol  seal  is  an  older  animal,  and  the  bones  are  larger  and  more 
completely  ossified  than  those  of  the  Grnngemouth  seal ;  but  whtn 
due  allowance  is  made  for  the  difference  in  age,  their  form  and 
general  characters  are  so  much  alike  that  I  believe  them  to  he 
animalsof  the  same  species.  The  materials  for  comparicoD  with  the 
Portobello  and  Stratheden  seals  are,  fortunately,  more  complete;  for 
in  them,  as  in  the  Grangemouth  seal,  tbe  lower  jaw  and  teeth  nre 
almost  perfect,  and  the  femur,  scapula,  and  other  hones  are  repre- 
sented in  each  skeleton.  All  three  animals  were  immature,  for  the 
epiphyses  of  the  thigh  hones  are  not  yet  anchyiosed  to  the  shafts. 
The  atlas  of  the  Portobello  seal  is  somewhat  less  in  its  antero- 
posterior diameter  than  in  the  one  Xrom  Grangemouth,  and  llie 
distance  of  tbe  inferior  dental  foramen  from  the  hinder  end  of  the 
lower  jaw  b  greater  in  the  Portobello  and  the  Stratheden  than  in  tlie 
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Grangemouth  Bpecimena.  These  differences  are,  I  believe,  merely 
iodividual  and  not  specific.  On  the  other  h&ni],  there  ie  eo  cloae  a 
correspondence  in  the  general  form  of  the  lower  jaws,  in  the  num- 
ber and  ouspidation  of  the  teeth,  and  in  the  mode  in  ffhlch  they 
are  implanted  in  their  sockets,  that  I  am  of  opinion  theee  seals 
were  animals  of  the  same  speoies.  This  identity  in  the  specific 
characters  of  the  seals  found  in  the  clay  formattoQB  on  the  east 
coast  of  Scotland  furnishes  an  additional  argument  in  favour  of 
the  view,  that  they  have  been  deposited  at  the  same  epoch  and 
under  the  same  conditions.  We  may  now  inquire  if  this  clay 
sea)  corresponds  with  the  present  British  species,  the  Callocephaltts 
vitulinut. 


nb 


Inner  surface  of  the  right  half  of  the  loner  jaw  of  the  Orangemonth  aeal, 
thi;  size  of  nature.  The  oatline  of  the  coronold  piocese  is  filled  in  from 
the  Portobello  seal.     The  single  tooth  is  one  of  the  npper  molar  eeriea. 

Dr  Enox  stated  that  the  Gamelon  seal  was  identical  with  the 
species  now  inbabitiDg  the  Forth,  and  many  other  naturalists  nho 
have  written  on  this  matter  are  inclined  to  the  same  view.  At 
the  time  when  Dr  Knox  wrote,  the  specific  differences  between  the 
various  northern  seals  had  not  been  precisely  made  out,  and  the 
determination  is  even  yet  one  of  much  difficulty,  unless  the  skulls 
and  teeth  can  be  compared  with  each  other.  Dr  Knox  does  not  say 
what  the  bones  were  which  came  under  hia  observation,  so  that  we 
have  now  no  means  of  knowing  how  far  he  had  in  his  possession 
the  materials  for  making  an  exact  comparison. 
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Dr  Page  expresses  himself  with  more  reserve  regarding  the  Strath- 
eden  eeal.  He  looks  upon  it  "  as  a  pretty  widely  divergent  variety 
of  the  common  seal,  if  notadistinot  species — a  point,  however,  which 
yot  awaits  the  precise  deteimi nation  of  the  comparative  anatomist." 

I  have  Qow  carefully  compared  the  jaws  (more  especially  the 
lower,  which  are  best  preserved),  and  the  teeth  of  the  Grangemouth, 
Stratheden,  and  Portobello  seals,  not  only  with  the  adult  skulls 
and  teeth  of  the  common  seal,  but  with  a  young  skull  of  that  species, 
apparently  about  the  same  age  aa  the  fossil  specimens,  and  I  have 
no  hesitation  in  saying  that  they  are  not  of  the  same  species.  The 
number  of  teeth  is  indeed  the  same,  but  the  character  and  mode  of 
implantation  of  the  molars  exhibit  important  differences.  In  the 
clay  seals,  the  number  of  cusps  in  the  premolar  and  molar  series 
does  not  exceed  four,  anil  this  number  is  distinctly  marked  in  all  but 
the  first  and  last  The  second  cusp  in  each  tootb  is  the  largest,  but 
it  does  not  preponderate  very  greatly  over  the  first  and  third  cusps, 
and  the  bases  of  the  crowns  ore  not  much  swollen.  The  teeth  are 
set  in  the  jaw  in  longitudinal  seriee,  one  directly  behind  the 
other. 

In  the  young  of  the  common  seal  the  cuspidatlon  of  the  lower 
molars  is  not  so  uniform  as  in  the  clay  seals ;  the  last  molar  has 
four  cusps,  the  penultimate  has  five,  and  the  third  and  second  only 
three.  One  cusp  preponderates  largely  over  the  others,  and  the 
baseof  the  crown  is  swollen.  The  molar  teeth,  also,  are  set  obliquely 
in  the  jaw,  so  that  one  tooth  not  only  lies  in  front,  but  somewhat 
to  the  outer  side  of  the  one  behind  it.  This  oblique  setting  of  the 
grinders  is  also  seen  in  well  grown  specimens. 

The  upper  molars  in  the  clay  seals  are  smaller  and  more  delicately 
formed  than  in  the  common  seal.  Tbey  are,  aa  a  rule,  tricus- 
pidate,  and  with,  as  a  rule,  the  central  cusp  the  largest.  Tbey  ore 
not  set  obliquely,  and  the  more  anterior  do  not  overlap  those 
which  lie  behind.  In  the  common  seal,  again,  the  anterior  cusp 
is  utmally  the  bluest,  and  the  upper,  like  the  lower  molars,  are  set 
obliquely. 

I  have  also  compared  the  Jans  and  teeth  of  these  clay  seals  with 
the  skulls  of  Phoca  barhalaj  Balichoerva  gryphm,  and  Pagophilua 
groenlandicvt,  northern  seals,  which  possess  the  same  general  dental 
formula.     With  hirhatn  and  yri/phus  there  are  so  many  points  of 
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dilTereDce  that  I  cannot  regard  tbem  as  identical.  With  tbe  Green- 
land seal,  again,  the  points  of  resemblance  are,  in  some  respects, 
very  striking.  They  agree  in  the  number,  mode  of  arrangement, 
and  relative  size  of  the  cusps,  and  in  the  mode  in  which  the  teeth 
are  implanted  in  the  jaws,  though  tbe  teeth  are  set  closer  together 
in  the  fossil  than  in  tbe  Greenland  species.  Unfortunately,  I  bare 
not  had  access  to  a,  young  skull  of  the  Pagophiltia  groeniandicut,  or 
to  an  adult  clay  seal,  so  that  the  materials  for  comparison  have 
not,  in  this  respect,  been  as  perfect  as  to  enable  me  to  identify  tbe 
species  with  accuracy.  Tbe  examination,  however,  which  I  have 
made,  leads  me  t«  think  that  these  young  clay  seals  may  be  either 
immature  specimens  of  tbe  Pagophilut  groet^aTtdicw,  or  of  a  closely- 
allied  speciet).  But  it  will  be  difficult  to  express  a  positive  opinion 
until  adult  skulls  are  compared  with  each  other,  and  tbe  skulls  of  the 
clay  sealB  be  compared  with  tbe  crania  of  Pagomyi  fi^idvt,  crania 
of  which  are  not  yet  in  my  possession. 


Addendum,  March  l2tA. 

Since  this  paper  was  read  to  the  Society,  I  have  received  some 
additional  material  of  considerable  importance  in  connection  with 
the  determination  of  the  species  of  seal  found  in  the  glacial  day- 
beds  of  Scotland.  Dr  Howden  has  kindly  sent  me  the  bones  of  an 
adult  seal,  found  in  glacial  marine  clay  at  Puggiston,  three  miles 
from  Montrose.*  Through  Mr  William  Liveaay  and  DrM'Bain, 
I  have  had  the  opportunity  of  examining  three  crania  of  tbe  small 
arctic  seal,  Pagonys  fietidas.  Gray  [Phoea  hispida,  Cuvier).  These 
skulls  were  from  two  adult  and  one  young  specimen. f 

The  bones  from  Montrose  Included  several  vertebne  and  ribs, 
pelvis,  Bcapulie,  and  the  long  bones  of  the  extremities,  together 
with  tbe  two  halves  of  tbe  lower  jaw  and  the  left  upper  jaw.  They 
were  found  thirty  feet  below  tbe  surface,  ahout  three  quarters  of  a 
mile  from  the  tidal  estuary  of  tbe  South  Esk,  and  about  five  feet 

•  Tlie  g6ologj  of  thifl  diatrict  lias  been  careful];  described  by  Dr  Howdeo 
in  tbe  TrBim.  F.d.  Geolog.  Soc.  1867-66. 

t  These  akiilla  were  procured  in  tbe  Spitzbergen  sese  during  (he  arctic 
expedition  conducted  last  summer  by  Mr  Lamnnt 
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above  tlie  present  aea-IeTel.  I  bare  compared  these  bones  with  the 
correspondmg  bones  in  the  ekeleton  of  the  common  Beal,  and  have 
satisfied  myself  that  they  belong  to  aDimala  of  different  species.  I 
have  also  compared  them  with  the  bones  of  the  other  clay  seals 
alreaiiy  referred  to,  and  am  of  opinion  that  the  Montrose  seal  is  an 
ad  nit  of  the  same  species  as  the  Stratheden,  Portobello,  and  Orange- 
mouth  specimens.  Comparing  the  lower  jaw  of  the  Montrose  seal 
with  that  from  Grangemouth,  depicted  on  page  110,  we  find  that 
they  have  the  same  general  form,  differing  from  each  other  only 
slightly  in  size ;  that  the  teeth  have  the  same  characters,  and  are 
implanted  in  the  jaw  after  the  same  manner. 

If  we  compare  the  lower  jaw  of  the  adult  Montrose  clay  seal  with 
that  of  an  adult  Pagophilut  groentandiau,  we  find  important  dif- 
ferences in  size,  which  are  ezpreseed  in  the  following  table,  the 
dimensions  being  taken  in  straight  lines — 

CUf  letl.    P.  fntn. 

Length  from  posterior  border  of  condyle 

to  socket  of  canine  tooth,      ...        42        5'1 
Vertical  diameter    of   horizontal   ramus 

opposite  last  molar,      ....        08        10 
Antero-posterior  diameter  of  ascending  ra- 
mus just  above  the  tubercle,  at  the  angle,        11        1 6 
Vertical  diameter  of  ascending  ramus,      .        16        24 
On  the  posterior  border  of  the  ascending  ramns  of  the  lower  jaw 
of  P.  groentandietu,  a  large  triangular  tubercle  projects  obliquely 
backwards  and  inward;  in  the  clay  seals,  both  odnlt  and  immature, 
the  corresponding  tubercle  is  not  triangular,  and  has  the  form  of  an 
elongated  almost  vertical  ridge.    The  teeth  in  the  adult  clay  seal 
are  set  more  closely  together  than  in  P.  groentandieua,  and  though 
the  cuepe  in  the  fossil  are  considerably  worn,  yet  there  is  not  that 
preponderance  of  the  central  cusp  over  the  anterior  and  posterior 
cusps  in  the  fossil,  as  in  the  Greenland  seal.    The  comparison  of 
the  temporal  bones,  and  of  the  upper  jaw  with  its  teeth,  of  the 
adult  fossil  with  the  Greenland  seal  also  showed  important  differ- 
ences, so  that  1  am  constrained  to  give  up  the  idea,  at  one  time 
thought  probable,  that  these  seals  were  of  the  same  species. 

I  have  now  instituted  a  c<irapariBon  between  the  lower  jaws  of  the 
adult  clay  seal  and  of  the  Pagomys/cclidus,  and  find  they  correspond 
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much  more  closely,  not  only  in  form,  but  in  dimensions.  The  corres- 
ponding dimensioDS  of  the  latter  to  those  of  the  clay  seal  already 
givenin  the  table,  betngrespecttvely  4  inches,  0'8  Inches,  12  inches, 
and  1-4  inches ;  the  differences,  therefore,  being  so  trifling  as  to  be 
merely  individual.  They  both  possess  the  elongated  ridge-like 
tubercle  on  the  posterior  border  of  the  aBcending  ramus,  and  a  deep 
masseteric  foBea  on  its  outer  surface,  which  is  bounded  posteriorly 
by  a  ridge  ascending  to  the  outer  end  of  the  condyle,  which  ridge 
becomes  continuous  with  that  on  the  posterior  border  already  re- 
ferred to ;  in  both  the  lower  border  of  the  horizontal  ramus  is  in- 
curved opposite  the  last  molar  tooth,  behind  which  incurved  portion 
it  sweeps  backwards  and  outwards  in  a  graceful  curve;  in  both 
the  arrangement  and  cuspidation  of  the  teeth  are  closely  similar, 
although  the  intervals  between  the  anterior  molars  are  somewhat 
greater  in  P./osiidu*,  than  in  the  fossil. 

The  upper  jaws  and  temporal  bones  in  Ihe  two  seals  closely 
correspond  in  form. 

The  aflinity,  therefore,  of  the  fossil  seal  to  Pagomyi  /telidua  is 
very  close,— so  close,  indeed,  that  I  should  not  consider  myself 
justified  in  pronouncing  them  to  be  distinct  species. 

So  far,  then,  as  I  have  bad  access  to  materials  for  comparison,  I 
am  inclined  to  think  that  the  seal,  the  remains  of  which  are  found 
in  the  brick-clays  of  Scotland,  corresponded  with  the  now  existing 
small  arctic  seal,  P.  fcetidas. 

I  am  not  aware  that  there  is  any  satisfactory  evidence  to  show 
that  this  northern  seal  ever  visits  our  shores  at  the  present  day, 
so  that  we  may  consider  the  determination  of  its  bones  in  the  brick- 
clays  to  be  an  additional  piece  of  evidence  to  those  advanced  from 
other  data,  that  at  the  time  when  these  clays  were  deposited  an 
arctic  climate  prevailed  over  Scotland. 

The  following  GrentlemaQ  was  elected  a  Fellow  of  the 
Society : — 

Dr  J.  WiKBUBTON  Beobik,  F.K.C.P.E. 
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Monday.  1th  March  1870. 

WILLIAM  FORBES  SKENE,  Ebq..  Vice-PreBident,  in 
the  Chair. 

■  The  following  Commonications  were  read; — 

1.  Oo  the  Rate  of  Mortality  of  Aflsared  Lives  as  experienced 
by  Ten  AesuraDce  Companies  in  Scotland  from  1815  to 
1863.  By  James  Meikle,  Esq.  Communicated  hy 
Professor  Tait. 

Tlie  mortality  of  asauied  lives  is  introduced  by  a  ahort  etatement 
or  the  procesB  followed  in  the  obtainmeDt  of  the  rate  of  mortality 
among  tho  male  population  of  England  and  Wales  during  seven- 
tetiD  years,  and  in  which  the  resultB  ar<)  compared  with  the  rate 
obtained  by  following  the  same  process  with  the  male  population  of 
Scotland  during  ten  years.  A  statement  is  given  of  the  method 
employed  for  collecting  the  facts  referring  to  assured  lives,  and  of 
tabulating  the  results  with  the  view  of  extracting,  not  only  the 
total  numbers  entering  upon  and  dying  in  each  year  of  life,  but  of 
exhibiting  the  experience  of  several  highly  interesting  and  impor- 
tant sections  of  risks,  and  more  especially  with  the  view  of  show- 
ing the  natnre  and  benefits  accruing  from  the  assurance  of  selected 
healthy  lives. 

Tbe  subject  generally  is  divided  into  the  consideration  of  the 
mortality  on  healthy  lives — males — females — and  diteaied  lives. 

Atsured  Male  lAvea. 
In  treating  of  healthy  lives — males— a  comparison  is  made  of  tbe 
actual  number  of  deaths  during  each  quinquennial  period  of  life,  with 
the  number  which  might  have  died  according  to  the  Carlisle  table 
and  tbe  Actuaries'  table  of  1837.  The  rates  of  mortality  at  each 
age,  summed  in  periods  of  five  years,  are  also  compared.  Tbeiio 
comparisons  point  out  that  the  Carlisle  table  exhibits  a  greater  rate 
of  mortality  up  to  age  fifty,  and  a  lesser  rate  at  higher  ages  than  the 
experience  of  the  offices;  and  that  tho  Actuaries' table,  at  nearly 
all  ^es,  is  slightly  greater  tlian  that  of  the  Offices.     A  short  cnm- 
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parison  is  made  of  the  rates  of  mortality  of  male  livea  according  to 
the  tliree  English  life  tables  and  that  iterived  from  the  popnUtiuu 
of  Scotland,  already  referred  to,  with  the  mortality  of  the  selected 
healthy  assured  males  of  the  ten  Scottish  ofGces.  A  very  general 
view  of  the  benefits  of  selection  is  thus  obtained.  The  assorances 
OD  healthy  male  lives  are  divided  into  two  classes — assurances  with 
profits,  and  assurances  mtkout  proSte ;  the  mortality  of  the  "  with 
profit "  class  exhibiting  results  in  a  highly  favourable  direction,  and 
of  the  "  without  profit"  class  in  an  unfavourable  direction — the  one 
being  10  per  cent,  and  7  per  cent,  less  than  the  Carlisle  and  Actuaries' 
tables  respectively,  and  the  other  about  12  and  13  per  cent,  greater. 
The  foregoing  comparisons  of  the  actual  and  computed  number 
of  deaths  at  each  year  of  life  are  reclassified  in  another  form,  so  as 
to  exhibit  the  actual  and  computed  deaths  out  of  the  entrants  at  each 
age,  and  thus  show  how  far  one  aggregate  table  of  mortality  expresses 
or  represents  the  experience  of  its  eeveral  parts  or  sections.  These 
comparisuns  are  made  with  the  Carlisle  and  Actuaries'  tables,  from 
which  it  will  be  seen  tbat  neither  table  accurately  measures  the 
experience  of  sections  of  entrants.  Young  entrants  exhibit  agreater 
mortality  than  etitimated  by  either  table.  There  is,  at  same  time, 
exhibited  a  similar  comparison  of  the  experience  of  the  ten  offices, 
derived  from  the  aggregate  mole  lives,  reapplied  to  tlie  several 
sections  of  entrants,  which  paints  out  in  a  still  more  marked  manner 
the  inappiopriateness  of  one  aggregate  table  of  mortality  to  measure 
the  experience  of  its  sections.  There  is  also  exhibited  the  extent 
of  the  deviations,  favourable  as  well  as  unfavourable,  in  each  yeai 
of  the  auurances,  from  which  it  will  be  seen  tbat  the  deviations 
are  highly  favourable  during  the  first  four  years,  and  tbat  after  the 
fourth  year  they  are  almost  always  unfavourable. 

Autired  Female  Live*. 
lu  considering  the  mortality  of  females,  there  ia,  in  the  first  place, 
given  a  comporiHon  of  the  difference  between  the  mortality  of  males 
and  of  females  of  the  population,  and  of  the  Actuaries'  table  of  1837, 
pointing  out  that  a  nearly  similar  relation  exists  between  the  results 
of  these  tables  with  that  experienced  between  male  and  female 
assured  lives  in  the  Scottish  offices,  viz.,  a  greater  mortality  of 
female  life  up  to  age  forty-five.    On  the  other  hand,  the  male  and 
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female  Qovemment  oQDuitaDts  of  1829  and  of  1860  exhibit  a  greater 
mortality  of  male  life  at  all  ages.  An  explaoatioD  of  tbese  dif- 
ferences ia  offered.  AcompariBOD  is  then  made  between  tlie  actual 
number  of  deaths  and  rate  of  mortality,  of  healthy  assured  females, 
with  the  computations  according  to  the  Carlisle  and  Actuaries' 
tables.  There  is,  at  same  time,  given  a  table,  showing  the  favonrable 
and  unfavourable  deviations  of  the  one  aggregate  table  of  mortality, 
as  a  measure  of  the  experience  of  sections  of  entrants.  From  this 
table  it  will  be  seen  that  neither  the  Carlisle  nor  the  Actuaries' table 
correctly  measores  the  mortality  of  female  assurants  underage  thirty- 
five;  and  it  will  be  inferred  from  tbe  results  given,  that  the  table, 
based  upon  the  aggregate  experience  of  assured  female  lives,  cannot 
measure  tbe  aggregate  experience  and  at  same  time  accurately  re 
present  the  mortality  of  its  sectional  parts. 

Total  Lives — Males  and  Females, 
After  tbe  usual  comparisoDS  of  the  actual  and  computed  number 
of  deaths  and  of  the  rates  of  mortality,  according  to  the  Carlisle  and 
Actuaries'  tables,  there  is  given  a  vie»'  of  the  rates  of  mortality  expe- 
rienced on  assurances  effected  taith  participation  in  profits  and  wUh- 
out  participation,  and  an  explanation  is  given  of  the  reason  of  the 
greater  mortality  of  assurances  without  profits,  by  pointing  out  that 
a  very  much  greater  mortality  has  been  experienced  on  assurances 
(without  profits)  effected  for  temporary  periods,  averaging  about  40 
per  cent,  on  lives  under  age  60.  The  relation  of  the  aggregate  (o 
tbe  sectional  experience,  as  in  the  case  of  male  and  female  lives 
separately,  is  shown  with  similar  results.  A  very  full  comparison  is 
thereafter  effected  between  tbe  mortality  of  assured  lives  with  tbe 
mortality  of  the  population.  After  comparing  these  aggregate  expe- 
riences, a  comparison  is  made  between  the  rate  of  mortality  expe- 
rienced on  assured  lives,  excluding  the  light  mortality  of  the  first 
year,  first  two  years,  Ac,  of  the  assurances,  and  the  general  aggre- 
gate rate  of  mortality  of  the  population,  with  the  view  of  pointing  out. 
tn  thii/orm,  tbe  relation  of  tbe  mortality  of  assured  lives,  after  the 
effects  of  selection  have  subsided,  to  the  mortality  of  the  population. 
The  effect  of  selection  is  thereafter  considered  in  its  proper  manner, 
and  comparisons  made  between  the  mortality  of  persons  in  the 
same  quinquennial  period  of  life,  but  arranged  according  to  tbe 

VOL.  VII.  Q 

DiqitlzscbyGOOqlC 


118  Proceedings  of  the  Royal  Society 

duration  of  tbe  risks,  showing  that  the  light  mortality  during  the 
^eara  while  selection  \a  in  operation  is  balanced  by  a  heavier  mor- 
tality thereafter,  and  showing  further  that  that  heavier  mortality 
is  coDsiderably  greater  than  tbe  general  average  mortality  of  a 
single  aggregate  mortality  table.  These  are  exemplified  in  various 
fonuB.  The  comparisons,  however,  are  all  hosed  upon  lives  once 
assured.  There  is,  finally,  given  in  one  view  the  rate  of  mortality 
expeiienced  on  all  entrants  of  each  age,  during  each  year  of  assur- 
ance, as  the  true  exponent  of  the  rate  of  mortality  on  assured  Uvea, 
along  with  five  abndgmenta  of  the  same,  in  the  case  of  persons 
aesuring  at  each  quinquennial  age. 

Cmue»  of  Death. 
There  is  also  given  the  intensity  of  the  causes  of  death  at  each 
age,  and  the  relation  of  the  deaths  of  assured  lives,  from  various 
causes,  to  the  deaths  of  the  male  population  of  Scotland,  pointing 
out  the  several  orders  of  disease  in  which  the  mortality  of  assured 
lives  is  greater  or  less  than  the  population.  There  is  also  given,  in 
a  general  form,  tlie  effects  of  selection  upon  the  various  causes  of 
death,  pointing  out  those  in  which  selection  appears  to  have  been 
of  greatest  beucfit. 

Diaeaeed  Livei. 
The  usual  comparisons  are  made  of  the  actual  with  tbe  computed 
number  of  deaths,  and  also  with  the  rates  of  mortality,  pointing  out 
that  the  mortality  on  diseased  lives  is  greater  than  on  healthy  lives 
by  about  20  per  cent.  The  diseased  lives  were  thereafter  broken 
up  into  sections,  according  to  the  nature  of  the  imperfections  for 
which  the  extra  charge  was  made,  and  showing  tbe  rate  of  mortality 
experienced  on  four  such  classes.  For  two  of  these  classes — un- 
favourable personal  history  and  gout — and  also  for  the  general  class 
of  diseased  lives,  the  law  of  mortality  is  given,  as  well  as  tbe 
annual  premium  for  assurance  of  L.lOO  at  death,  showing  tbe  extra 
charge  for  such  classes  of  lives. 

Tears  o/Li/e. 

A.11  the  foregoing  methods  of  comparing  actual  with  computed 

results  have  dealt  with  numbers  of  deatht.     A  method  is  pointed  out 
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for  making  compariBODB  of  the  actual  years  lived,  with  the  computed 
number  according  to  any  table.  Examples  ore  given  in  the  case  of 
entrants  at  age  25,  30,  35,  40,  45,  and  50. 

InUrpolation. 
A  description  is  given  of  the  methods  of  deducing,  and  of  practi- 
cally applying,  two  procesBes  of  interpolation.  One  of  them  is  based 
upon  the  principle  that  the  quantum  of  mortality  in  each  decennial 
period  of  life,  in  the  adjusted  and  unadjusted  results,  shall  agree. 
The  second  principle  is  based  upon  a  formula,  which  expreBses  the 
number  living  in  the  law  of  mortality,  at  any  i^,  in  terms  of  con- 
stants, and  the  complement  of  life  at  that  age.  The  formulae  for 
several  differences  are  given  in  both  cases,  and  the  results  applied 
to  the  total  assured  lives  in  the  general  mortality  experience  of 
the  English  and  Scottish  Assurance  Offices. 


2.  Notes  OD  Indian  Society  and  Life  in  the  Age  when  the 

Hymns  of  the  Eigveda  were  composed.    By  John  Muir, 

D.C.L.,  LL.D.,  Pb.D. 

{Abttract.) 

The  paper  began  by  stating,  that  although  the  hymns  of  the 
Bigveda  exhibit  a  simpler  and  lees  developed  stage  of  religious  be- 
lief and  conception  than  we  find  in  the  works  of  the  earliest  Greek 
poets,  and  a  system  of  ideas  nildly  diverse,  both  from  the  my- 
thological forms  and  the  theosopbic  opinions,  of  the  later  Indian 
pantheon,  and  of  suhsequent  speculation ;  and  altbough  many  of  the 
customs  and  practices  of  that  early  age  are  different  from  those  of 
later  times,  we  are  not  to  suppose  that  in  the  former  period  tlie 
condition  of  society  was  of  a  very  primitive  description.  On  the 
contrary,  there  are  many  signs  of  a  considerable  progress  in  civilisa- 
tion and  culture  then  existing.  The  opinion  of  the  late  Pro- 
fessor H.  H.  Wilson  on  this  head  was  then  quoted  ;  and  as  one  proof 
in  support  of  the  position,  the  variety  and  occasional  elaboratene^  of 
the  metres  in  which  the  hymns  are  composed  was  referred  to. 

1.  Some  account  was  then  given  of  the  country  occupied  by  the 
Indians  of  the  Vedic  era — of  which  a  considerable  portion  is  con- 
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Hidered  to  have  been  cultivated,  though  much  was  also  ooveied  by 
forests — and  of  their  villages  and  cities,  or  fortified  places,  and  their 
houses. 

2.  A  sketch  was  then  given  of  the  manner  in  vhich  a  priest  of 
the  Vedic  age  may  be  supposed  to  have  spent  the  greater  part  of 
the  night  watching  for,  and  hailing,  with  hymns  and  offerings,  the 
appearance  of  the  several  deities,  the  Aavins — TTshaa  (the  Dawn), 
Agni  (Fire),  Surya  (the  Sun),  ic.,  at  the  times  when  they  were 
eupposed  respectively  to  manifest  themselves. 

3.  The  discrepant  opinions  of  two  Sanscrit  scholars,  Professor  Max 
duller  and  Dr  Bollensen,  on  the  qnestioo  whether  or  not  the 
Indians  made  images  of  their  gods  during  the  Vedic  age,  are  adduced, 
but  it  waa  considered  that  the  question  is  not  lipe  for  decision. 

4.  It  was  nest  stated  that  this  tract  of  country  was  divided  into 
numerous  principalities,  governed  by  their  respective  kings,  who 
appear  to  have  lived  in  considerable  state,  and  to  have  been  possessed 
of  a  good  deal  of  wealth,  both  in  cattle  and  goods  of  different 
descriptions. 

5.  Reference  was  made  to  the  existence  of  both  rich  and  poor  in 
the  commnaitiee,  and  some  verses,  in  praiseof  liberality  to  the  latter, 
translated  from  the  original,  were  read. 

6.  Some  particulars  relating  to  domestic  relations,  and  life  and 
manners,  were  then  given.  Polygamy  appears  to  have  existed,  but 
not  of  course  as  the  rule.  It  was  considered  a  misfortune  for  a  woman 
to  grow  old  unmarried.  Women  appear,  sometimes  at  least,  to  have 
been  allowed  to  choose  their  own  husbands.  According  to  a  hymn 
of  the  Atharva-veda,  the  remarriage  of  widows  seems  to  have  been 
permitted ;  and  from  a  verse  of  the  Bigveda,  it  appears  probable  that 
a  widow  could  marry  the  brother  of  her  deceased  husband,  when  the 
latter  had  died  cbildtess-  Allusions  to  conjugal  infidelity  and 
sexual  immorality  occur. 

7.  It  was  stated  that  considerable  attention  seems  to  have  been 
paid  to  personal  decoration,  as  reference  is  made,  in  various  places, 
to  elegance  of  dress,  and  to  the  use  of  jewels.  No  mention  is  made 
of  cotton  as  a  material  for  clothing ;  though,  as  the  plant  is  con- 
eiilered  to  be  indigenous  in  India,  and  the  use  of  light  cotton  cloth 
seems  essential  to  comfort  in  so  warm  a  climate,  it  is  probable 
that  it  was  well  known.     Wool  is  mentioned  in  various  places. 
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The  hair  appears  to  have  been  occasionally  worn  wound  or  braided 
upwards  in  a  spiral  form. 

8.  Barley,  at  least,  if  not  wheat  also,  and  no  doubt  other  gnins, 
were  used  as  food.  The  flesh  of  kine  also  seems  to  have  been  eaten. 
Wine  (from  what  material  distilled  does  not  appear)  was  drank  by 
people  of  the  ui^)ei  classes,  oontraiy  to  the  usage  of  the  later 
Hindus. 

9.  A  hymn,  descriptive  of  the  variety  of  men's  tastes  and  pursuits, 
was  given  in  a  metrical  translation,  in  which  various  professions 
are  mentioned,  viz.,  those  of  poet,  priest,  physician,  carpenter :  the 
construction  of  chariots  is  often  alluded  to;  and  working  in  iron  or 
other  metals,  and  in  bides,  must  have  been  common,  as  the  mention 
of  weapons  of  war  and  other  metal  implements,  and  of  leather,  is 
constantly  occnrring.  Weaving,  too,  was  of  course  practised,  and 
boat  building  understood,  as  boate  are  frequently  referred  to.  The 
caste  system  does  not  seem  to  have  been  developed  during  the  earlier 
part  of  the  Vedic  era ;  but  in  a  few  of  the  later  hymns  Br&bmans  are 
mentioned ;  and  in  one  text  the  names  of  the  four  castes  Brahman, 
Bajanya,  Vaisya,  and  Sudra, occur  in  conjunction.  A  free  translation 
was  given  of  a  hymn  in  which  the  Br&hmons  and  their  observances 
appear  to  be  satirised.  From  what  precedes  under  bead  8,  it  will 
be  seen  that  agriculture  was  practised,  and  specific  references  to  it, 
and  apparently  to  irrigation  as  auxiliary  to  it,  occur. 

10.  Playing  at  dice  was  a  favourite  amusement  of  the  Vedic 
Indians,  as  appears  from  numerous  texts.  A  hymn,  in  which  the 
miseries  of  a  gambler's  life  are  strikingly  described,  was  given  in  an 
English  metrical  dress.  Gaily  dressed  dancers  or  actors  are  referred 
to  as  exhibiting  theii  performances. 

11.  Theft  and  robbery  are  alluded  to  as  common  offences. 

12.  As  animals,  wild  or  tame,  mentioned  in  the  Bigveda,  kine, 
horses,  sheep,  goats,  dogs,  deer,  boars,  buffaloes,  apes,  wolves,  and 
lions,  are  adduced.  Elephants,  too,  are  alluded  to  in  the  Bigveda, 
certainly  as  wild,  but  whether  or  not  aa  tame  also  is  not  so  clear. 
Among  birds,  pigeons,  falcons,  vultures,  ducks,  swans,  and  quails 
are  referred  to. 

13.  It  need  scarcely  bo  soid  that  wars  were  frequent  in  the  Vedic 
age.  Parts  of  two  hymns  translated  in  prose  were  read— one  of  them 
in  celebration  of  Indra's  prowess,  and  supplicating  victory,  and  the 
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secood  in  priuse  of  armour  and  the  bov,  &a. ;  aod  a  portion  of  one  of 
them  waa  also  given  in  verse.  War  chariots  were  in  use,  and  banners, 
defensive  annour,  and  varions  kinds  of  offeDsive  weapone,  bows  and 
arrows,  Bpeara,  &c,,  are  referred  to. 

14.  Finally,  aUnsioD  was  again  made  to  the  number  and  elaborate- 
ness of  the  metres  in  the  Rjgveda ;  and  as  regarda  the  occasional 
beauty  and  variety  of  the  illustrative  imagery,  the  moral  depth  of 
many  of  the  sentiments,  and  the  power  of  observation  exhibited  in  its 
contents,  reference  is  mode  to  the  hymns  to  the  Dawn,  and  to  seve- 
ral of  those  adduced  in  the  course  of  the  paper.  In  a  few  hymns 
we  find  the  beginning  of  speculation  on  the  origin  of  all  things. 
One  of  these  was  communicated,  rendered  into  English  verse. 

The  following  GeDtleman  was  elected  a  Fellow  of  the 
Society : — 

John  Winzzb,  Esq.,  AEsiBtaut  Surveyor,  Civil  Service,  Cej-lon. 


Monday,  21a(  March  1870. 
The  Hon.  Lord  NEAVES,  Vice-President,  in  the  Chair. 
The  following  Communications  were  read  : — 

1,  On  the  Lake  Basins  of  Eastern  Africa.    By  Keith 
Johnston,  JuD.,  Esq.,  F.RG.8. 
1.  Liivingstone't  BeeetU  Discoveriei. 

In  1866  the  indefatigable  Dr  Livingatone  is  again  in  Africa,  with 
the  determination  of  filling  np  the  great  gaps  in  our  knowledge  of 
the  lake  region  from  Nyassa  to  Tanganyika,  beginning  the  great 
journey  from  which  he  has  not  yet  returned. 

News  arrived  in  England,  in  September  1866,  that  the  traveller 
had,  for  a  third  time,  entered  the  Kovuma  river,  and  had  succeeded 
in  penetrating  for  130  miles  from  its  moutb,  where  he  bad  found  a 
friendly  chief,  whose  residence  he  intended  to  make  the  starting- 
point  of  his  expedition  to  the  northern  end  of  Nyassa,  and  the 
south  of  Tanganyika.  A  long  period  of  silence  then  intervened, 
during  which  we  were  ignorant  of  the  whereabouts  of  the  traveller, 
till  a  report  was  brought  to  tbe  east  coast  by  some  lying  Johanna 
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men  who  had  deserted  him,  that  LivingBtone  had  been  murdered 
near  the  Booth  end  of  the  lake.  This  report,  however,  was  dis- 
credited b;  the  head  of  the  Boyal  Geographical  Society,  and  a  boat 
expedition  eeot  out  bj  the  Society,  under  the  leadership  of  Mr 
Young,  confirmed  the  opiuiou  of  Its  untruth. 

From  his  more  recent  letters,  we  learn  that  LivingBtone  paased 
round  the  southem  end  of  Lake  Nyassa,  where  he  seems  to  have 
struck  into  nearly  the  old  route  of  Lacerda  and  Uonteiio,  along 
the  water  parting  between  the  tributaries  of  the  Zambezi  and  the 
Nyassa. 

Passing  at  a  distance  of  about  twenty  miles  to  westward  of  Chin- 
yanga,  the  furthest  point  which  he  had  reached  in  bis  escursion  of 
1863  from  N'yassa,  he  got  into  the  valley  of  the  Loan  gwaor  Arangoa. 
The  greater  part  of  Livingstone's  sabsequent  route  is  contained  in 
his  letter  of  date  July  1868.  In  this  he  says — "  Leaving  the  valley 
of  the  Loangwa,  which  ent«ra  the  Zambezi  at  Zumbo,  we  climbed 
up  what  seemed  to  he  a  great  mountain  mass,  but  it  turned  out  to 
be  only  the  eoutbem  edge  of  an  elevated  region,  which  is  from 
3000  to  60O0  feet  above  the  sea.  This  upland  may  be  roughly 
stated  to  cover  a  space  south  of  Tanganyika  of  some  S50  miles 
square.  It  slopes  to  north  and  west,  but  I  have  found  no  part  of 
it  under  3000  feet  of  altitude.  The  country  of  Usango,  situated 
east  of  the  space  indicated,  is  also  an  upland.  .  .  .  Usango  forms 
the  eastern  side  of  a  great  but  still  elevated  valley.  The  other,  or 
western  side,  is  formed  by  what  are  called  the  Kone  Mountains, 
beyond  the  copper  mountains  of  Eatauga." 

LivingBtone  continues — "  The  southern  end  of  the  great  valley, 
enclosed  between  TTsango  and  the  Eone  Mountains,  is  between  11° 
and  12°  south.  In  11°  6'  south,  ascending  from  the  valley  of  the 
Arangoa,  we  were  fairly  on  the  upland."  This  was  perhaps  in 
January  1867,  or  about  the  middle  of  the  rainy  season  here.  He 
writes  — "  As  we  advanced,  brooks,  evidently  perennial,  became 
numerous.  Some  of  these  brooks  went  eastward,  to  fall  into  the 
Loangwa ;  others  went  north-west,  to  join  the  Chambeze."  The 
Cfaambeze,  with  all  its  branches,  flows  from  the  eastern  side  into 
the  centre  of  the  great  upland  valley,  "  which,"  saye  Livingstone, 
"  is  probably  the  valley  of  the  Nile.  It  is  an  interesting  river, 
helping  to  form  three  lakes,  and  changing  its  name  three  times  in 
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the  SOO  or  600  miles  of  its  coaree.  1  croeaed  the  Ghambeze  in  10° 
31'  south,  and  several  of  its  confluents,  north  and  south,  quite  as 
large  aa  the  Isis  at  Oxfoid,  but  running  faster,  and  having  hippo- 
potami in  them." 

LiviDgslK)ne  reached  a  place  called  Semha,  on  the  plateau,  in 
Fehruary  1867,  and  fixed  its  position  in  10°  10'  south,  31°  60'  east. 
Pioceeding  northwards,  in  April  1867,  he  diaoovered  Lake  Liemha. 
It  lies  in  a  hollow,  vith  precipitous  sides  2000  feet  doira,  on  the 
northern  slope  of  the  upland.  "  It  is  extremely  beantiful,  sides, 
top,  and  bottom  being  covered  with  trees  and  other  vegetation. 
Elephants,  buffaloes,  and  antelopes  feed  on  its  steep  slopes ;  whilst 
hippopotami,  crocodiles,  and  fish  swanu  in  the  waters.  It  is  as 
perfect  a  natural  paradise  as  Xenophon  could  have  desired.  On 
two  rocky  islands  men  till  the  land,  rear  goats,  and  catch  fish. 
The  villages  ashore  are  embowered  in  the  oil  palms  of  the  west  of 
Africa." 

"  Fonr  considerable  streams  flow  into  Liemba,  and  a  number  of 
brooks,  from  12  to  IS  feet  broad,  leap  down  the  steep  bright  red 
clay,  snch  are  the  rocks,  and  form  splendid  cascades,  that  made  the 
dullest  of  my  attendants  pause  and  remark  with  wonder." 

Livingstone  does  not  give  any  note  of  the  direction  of  these  four 
rivers,  which  flow  into  the  lake ;  but  it  appears  a  necessary  con- 
clusion, from  its  position,  that  these  should  have  their  rise  on 
the  higher  side  of  the  plateau,  and  flow  to  the  lake  from  the 
east. 

"  The  lake  is  from  18  to  20  miles  broad,  and  from  35  to  40  miles 
long.  It  goes  off  to  north-north-west,  in  a  rivei-like  prolongation, 
two  miles  wide — it  is  said  to  Tanganyika."  Livingstone  continues 
— "  I  would  have  set  it  down  as  an  arm  of  Tanganyika,  but  that 
its  surface  is  2800  feet  above  the  level  of  the  sea,  while  Speke 
makes  the  lake  Tanganyika  1844  feet  only."  The  observation  of 
Livingstone  hero  confirme  the  opinion  of  Mr  Findlay,  given  in  an 
able  paper  read  before  the  Geographical  Society  in  1867,  in  which, 
by  a  lecompatation  of  the  thermometer  heights  measured  by  Captain 
Speke,  he  come  to  the  conclusion  that  Tanganyika  Lake  was  at  an 
elevation  of  2800  feet  above  the  sea;  and  that,  since  its  fresh 
waters  must  have  an  outlet,  this  would  most  probably  be  found  to 
be  to  northward. 
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LivingBtoLe  continues—"  1  tiied  to  follow  this  river-like  pottioQ 
of  Liemba,  bat  vas  prevented  by  a  war  whioh  bad  broken  out 
between  the  chief  of  Itawa  and  a  party  of  ivory  traders  from 
Zanzibar.  1  then  Bet  off  to  go  150  miles  south,  thea  west  till  past  the 
dieturbed  district,  and  to  explore  the  west  of  Tanganyika,  but,  on 
going  80  miles,  I  found  an  Arab  party,  showed  them  a  letter  from 
the  Sultan  of  Zanzibar,  which  I  owe  to  the  kind  offices  of  bis 
Exoelbncy  Sir  Bartle  Frere,  late  governor  of  Bombay,  and  was  at 
once  supplied  with  provieiona,  cloth,  and  beads.  .  .  .  After  peace 
was  made,  I  visited  Nisama,  the  chief  of  Itawa,  and  having  left  the 
Arabs,  went  on  to  Lake  Moero,  which  I  reached  on  the  8tb  Sep- 
tember 1867.  In  the  northern  part  Moero  is  from  20  to  33  miles 
broad.  Further  south  it  is  at  least  60  miles  wide,  and  it  is  50 
miles  long.  Ranges  of  tree-covered  mountains  flank  it  on  both 
sides,  hut  at  the  broad  part  the  western  mountains  dwindle  ont  of 
Bight." 

Lake  Moero  is  the  central  one  of  the  three  on  the  Chambeze 
river.  The  river  runs  into  Lake  Bangweolo,  at  the  head  of  the 
valley,  and  on  coming  out  of  it  assumes  the  name  of  Luapula. 
The  Luapula  flows  down  north,  past  the  town  of  the  Gazembe,  and 
12  miles  below  it  enters  Lake  Moero.  Passing  up  the  eastern  side 
of  Moero,  Livingstone  came  to  the  Oazembe'a  town.  It  stands  on 
the  ooith-east  bank  of  the  lakelet  Mofwe.  This  is  from  1  to  3 
miles  broad,  and  nearly  4  long.  It  has  several  low  reedy  islands, 
and  yields  plenty  of  fish,  a  species  of  perch.  It  is  not  connected 
with  the  Luapula  or  Moero. 

"  I  was  forty  days  at  Gazembe'a,"  says  Livingstone,  "  and  might 
then  have  gone  on  to  Lake  Bangweolo,  which  is  larger  than  either 
of  the  other  lakes,  but  the  rains  bad  set  in,  and  this  lake  was 
reported  to  be  very  unhealthy.  I  then  went  north  for  Djiji,  where 
I  have  goods,  and  I  hope  for  letters ;  for  I  have  heard  nothing  from 
the  world  for  more  than  two  years;  bnt  when  I  got  within  thirteen 
days  of  Tanganyika,  I  was  brought  to  a  standstill  by  the  abundance 
of  water  in  front.  A  native  party  came  through  and  described  the 
country  as  inundated,  so  as  to  be  waist  deep,  with  sleeping  places 
difQcult  to  find.  This  flood  lasts  till  May  or  June.  At  last  I 
became  so  tired  of  inactivity  that  I  doubled  back  on  my  course  to 
Cazembe." 

VOL.  VII.  K 
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In  this  attempt  to  reach  TTjiji,  LiringBtoiie  appears  to  have  in- 
tended to  reach  the  west  side  of  the  Tanganyika  by  the  road  which 
Captain  Speko  reported  from  Warmwa  (evidently  the  Bna  of 
Livingstone)  to  the  ferry  by  which  he  had  croaaed  from  Ujiji ;  and 
it  was  apparently  during  this  attempt  that  Livingstone  obtained, 
by  actual  observation,  the  report  which  he  gives  of  the  lower  course 
of  the  Lnapnia.  He  says — "  On  leaving  Moero  at  its  northern  end, 
by  a  rent  in  the  mountains  of  Rua,  the  river  takes  the  name  of  Lna- 
laba,  and  passing  on  north- north- west  forms  Ulenge  in  the  country 
west  of  Tanganyika.  I  have  only  seen  it  where  it  leaves  Moero, 
and  where  it  comes  out  of  the  crack  in  the  mountains  of  Rua." 

The  flat  innndat^d  country  beyond  this  point  seems  to  have  been 
his  turning-point.  He  says — "  To  give  an  idea  of  the  inundation 
which,  in  a  smnll  way,  enacts  the  part  of  the  Kile  lower  down,  I 
had  te  cross  two  rivulets,  which  flow  into  the  north  end  of  Uoero— 
one,  the  Luo,  had  covered  a  plain  abreast  of  Moero,  so  that  the 
water  on  a  great  part  reached  from  the  knees  to  the  upper  part  of 
the  chest.  The  plain  was  of  black  mud,  with  grass  higher  than 
onr  heads.  We  hod  te  follow  the  path  which  the  feet  of  passengers 
had  worn  into  deep  rut».  Into  these  places  we  every  now  and  then 
plunged,  and  fell  over  the  ankles  into  soft  mud,  while  hundreds 
of  bubbles  rushed  up,  and  bursting  emitted  a  frightful  odour." 

Having  returned  to  Cazembe's  in  about  February  or  March  of 
1866,  Livingstone  seems  te  have  gone  south  at  the  beginning  of 
the  dry  season,  to  Lake  Bangweolo,  from  which  his  letti^r  is  dated 
in  July  1868. 

The  next  news  we  have  of  the  great  traveller  is  in  a  letter  from 
Ujiji,  on  Lake  Tanganyika,  dated  May  1669,  He  appears  to  have 
reached  this  point  by  the  eastern  side  of  Tanganyika,  not  by  the 
western  as  before  attempted ;  since  he  writes  in  the  above  letter,  "  As 
to  the  work  to  be  done  by  me,  it  is  only  to  connect  the  sources 
which  I  discovered  from  500  to  700  miles  south  of  Speke  and 
Baker's,  with  their  Nile.  The  volume  of  water  which  flows  north 
fVom  latitude  12°  S.,  is  so  large,  that  I  suspect  1  have  been  working 
at  the  souicoB  of  the  Congo  as  well  as  those  of  the  Nile.  I  have 
to  go  down  the  eastern  line  of  drainage  to  Baker's  turning-point. 
Tanganyika  and  Nyige  Chowambe  (Baker's  7)  are  one  water,  and  the 
head  of  it  is  300  miles  south  of  this.    The  western  and  central 
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lines  of  drainaga  converge  into  an  nnviBited  lake  west  or  BOUth-weat 
of  this.  The  outflow  of  tliia  lake,  whether  to  Nile  or  Congo,  I 
have  to  aecertain."  From  the  above  it  would  appear  that  Living- 
atoQe  had  made  an  excureion  northward  from  Ujiji,  either  by  land 
or  OD  the  lake,  to  aBcertain  the  union  of  the  Tanganyika  with  the 
Albert  Nyanza. 

News  has  since  been  received,  which  shows  that  Livingstone  was 
still  at  Ujiji  in  Jul;  1669.  In  Jannaryof  this  yeoi.ateport  arrived 
bom  the  west  coast  of  the  continent,  describing  the  fearful  end 
which  the  traveller  had  come  to,  of  his  being  quartered  and  burnt ; 
but  this  report  turns  out  to  be  an  old  story  of  date  June  1868,  with 
its  plot  laid  on  the  Zambezi,  and  at  this  time  we  know  that  Living- 
stone  was  safe  on  the  Chambeze  lakes. 

2.  The  Sourcet  o/the  Nik. 

The  main  point  of  interest  in  the  latest  travels  of  Livingstone, 
and  that  which  gives  to  them  a  distiDctive  importance  over  the 
great  accomplisfameDts  of  his  former  journeys,  is  that  in  these 
Livingstone  has  undoubtedly  visited  and  beheld  the  long  sought- 
for  sources  of  the  Nile.  It  is  true  that  there  is  considerable  doubt 
as  to  which  of  the  basins  that  he  has  explored  will  ultimately  be 
acknowledged  as  the  cradle  of  the  Nile;  but  this  at  least  is  certain, 
that  the  real  head  streams  have  been  visited  by  Livingstone,  and 
the  long-vexed  question  has,  by  these  last  explorations,  resolved 
itself  into  a  choice  between  two  or  perhaps  three  main  streams. 

Livingstone  himself  has  apparently  no  bias  in  favour  of  one  or 
other,  so  that  the  discussion  is  a  perfectly  open  one.  The  three 
rival  head  streams  are — first,  the  feeders  of  Lake  Liemba;  and, 
second,  the  Chambeze  and  its  lake  chain,  both  of  which  rise  near 
the  eastern  edge  of  the  great  longitudinal  plateau  of  the  side  of 
Africa  next  the  Indian  Ocean;  the  third  is  the  source  recently 
claimed  for  the  Nile  by  Dr  Beke,  in  his  "  Solution  of  the  Nile 
Problem,"*  the  G-reat  Casai  or  Kaesabi  river,  which  rises  nearer 
tho  Atlantic  side,  in  12°  S.  Of  the  first  of  these,  the  feeders  of 
Lake  Liemba,  we  may  say,  with  almost  absolute  certainty,  that 
they  are  tributaries  to  the  Nile,  and  it  is  most  probable  that  they 
are  the  tource»  of  that  river,  Livingstone  hae  found  these  rivers 
•  Athemeam,  Febrnary  1870. 
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Sowing  ioto  L&ke  Liemba ;  a  rlTer-lIke  proloDgation  unites  Liemba 
aud  TaDganyika,  these  two  appearing  to  be  at  the  same  level ;  then 
Tanganyika  and  Nyige  Cbowambe,  which  is  evidently  the  Albert 
Nyanza,  are  one  water,  and  that  the  last  is  a  reseivoir  of  the  White 
Nile  is  nndoubted. 

The  union  of  the  second  presumptive  bead  stieam,  the  Cbam- 
beze,  with  the  Nile,  is  teas  apparent ;  indeed,  the  balanoe  of  evi- 
dence  seems  to  show  that  it  must  be  the  head  of  the  other  great 
river  of  Africa,  the  Congo.  If  the  Cliambeze  prove  to  join  the 
Nile,  then  the  atreame  to  the  Lake  Liemba  become  mere  tributaries, 
since  the  course  of  the  Chambeze  is  by  far  the  longer  of  the  two. 
The  feeders  of  Liemba  and  the  Chambese  rise,  however,  side  by 
side,  00  the  eastern  plateau.  The  Chambeze  flows  down  into  the 
central  valley  through  Lake  Bangweolo,  and  then  northward 
through  Lake  Moero.  Livingstone  describes  Lake  Moero  aa  begin- 
ning 12  miles  below  the  position  of  the  town  of  Lunda,  the  capital 
of  the  Cazemhe  (lat.  8°  40'  S.,  long.  28°  20'  E.),  whose  position 
may  be  laid  down  with  tolerable  accuracy  from  the  former  journeys 
of  the  Portuguese  travellers.  Since  Livingstone  proceeded  north 
from  Casembe's  town,  along  the  eastern  shore  of  Moero,  in  hia 
attempt  to  reach  Ujiji  in  1867,  the  great  hulk  of  this  lake  must  lie 
to  the  weEtward  of  the  meridian  of  Lunda,  or  about  120  miles  to 
westward  of  Tanganyika.  Dr  Livingstone  has  seen  the  rivet  at  its 
outflow  from  the  lake,  and  also  at  the  point  where  it  emerged 
from  the  crack  in  the  mountains  of  Bua,  when,  according  to  hie 
own  observation,  the  river  turned  to  north-north-west  to  form 
Uleoge,  a  third  lake  or  marsh  in  the  country  west  of  Tanganyika. 
This  north-westerly  turn  would  carry  the  river  quite  out  of  the 
direction  of  the  Nile  basin,  and  the  higher  side  of  the  continent 
being  to  the  east,  the  probability  ia,  that  the  river  continnes  to 
curve  to  the  west. 

Again,  the  valley  of  the  Chambezo,  in  the  plateau  where  Living- 
stone crossed  it,  is,  no  doubt,  one  of  the  greatest  hollows  in  the 
high  land,  so  that  the  height  of  the  river  bed  here  may  be 
taken  at  3000  feet,  the  lowest  level  of  the  limits  which  Living- 
stone gives  to  the  andulation  of  the  plateau,  or  only  200  feet 
above  the  level  of  Tanganyika.  Descending  into  the  great 
valley  to  Lake  Bangweolo  from  the  plateau,  the  Chambeze  must 
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bavQ  a  conflidenble  fall;  from  Baogweolo  to  Uoero  there  muet 
be  a  secoDd  descent.  The  Cazembe's  country,  which  extends 
round  to  the  sonth  of  Tanganyika,  is  deacribed  as  fiat,  and 
its  riveiB  are  onrrentlesa  and  stagnant.  If  Moero  were  at  & 
bigher  level  than  Tanganyika,  would  not  the  riTer  which  leaves 
it  take  a  course  over  the  level  country  instead  of  facing  towards, 
and  making  its  way  through  a  crack  in  the  mountains  northward? 
Seeing  that  the  river  does  force  its  way  through  these  mountains, 
the  presumption  is,  that  Koero  ia  at  a  lower  level  than  Tanganyika ; 
and  if  this  be  the  case,  the  river  which  deacenda  from  it  through 
the  mountaine  can  never  again  aecend  to  the  level  of  the  Nile  lakes 
to  join  them,  but  must  Snd  some  other  course. 

With  regard  to  the  third  advocated  source,  the  Eassabi  river,  of 
which  Di  Beke  affirms  it  to  be  hie  belief  that  it  is  the  head  stream 
and  upper  course  of  the  Nile  of  Egypt,  the  difficulties  of  its  joining 
the  Nile  appear  to  be  even  greater  than  the  last.  The  upper  course 
of  this  river  only  has  been  explored.  It  springs  in  the  Hoseamba 
Mountains,  which  are  on  the  inner  borders  of  Angola  and  Benguela, 
its  BOnrcee  being  close  to  those  of  the  Quango  river,  a  tributary  of 
the  Congo.  The  Kassabi  is  known  to  flow  northward  as  far  aa  8' 
S.  to  westward  of  the  capital  of  the  Muata  Tanvo. 

Dr  Livingstone  crossed  its  bead  on  his  journey  from  the  Zambezi 
to  Loanda ;  and  the  reports  which  he  collected  from  the  aubjecte 
of  the  Uuata  Tanvo'e  kingdom,  all  tend  to  prove,  that  whatever 
direction  its  middle  course  may  take,  in  its  lower  course  the  Eassabi 
flows  ronnd  to  westward,  and  is  joined  bythe  Quango.  The  trader, 
Oraca,  who  penetrated  to  the  Muata  Tanvo  capital  in  1846,  says, 
that  "  the  territory  of  this  chief  is  shut  in  by  the  great  rivers 
Eassabi  and  Lurua  (a  tributary  of  the  Eassabi)."  "  These  rivers," 
he  continues,  "  flow  into  the  river  of  Sona"  (the  Zambezi).  The 
latter  part  of  this  statement  we  now  know  to  be  incorrect ;  but, 
taken  as  a  whole,  it  indicates  an  easterly  bend  in  the  lower  course 
of  the  river  to  enclose  the  kingdom  of  the  Tanvo  on  the  west  and 
north,  and  to  flow  as  if  to  the  Zambezi.  The  Hungarian  traveller, 
Lodielaus  Magyar,  has  penetrated  furthest  of  the  three  who  have 
visited  this  region,  and  his  information  seems  to  agree  well  with  this 
last.  He  reports  that  the  Eassabi,  after  forming  the  waterfall  of 
Unewe  (in  about  11°  S.  latitude),  bends  gently  to  northward;  but 
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further  on  takes  an  eastetly  direction  in  its  lower  course,  and 
reaches  a  breadth  of  several  miles  at  the  place  where  it  tovehet  upon 
the  extensive  lake  Mouva  or  Ubanja, 

Now,  if  we  turn  the  Eassabi  river  eastward  in  latitude  8°  S., 
in  agreement  with  the  above  description,  we  find  that  it  meets  the 
position  which  Livingstone's  letters  give  to  Ulenge,  the  lake  or 
marsh  to  which  the  Chambeze  river  Sows,  and  whose  waters  Living- 
stone telle  ns  by  report,  in  fais  recent  letters,  are  taken  up  by  the 
Lufiia,  a  large  river  which,  by  many  confluents,  drains  the  weBtem 
side  of  the  great  valley. 

Is  not  the  Lv,Jira,  then,  the  lower  course  of  the  Kassabi,  and  the 
Lake  Ulenge  of  Livingstone,  whose  waters  are  taken  up  by  the 
Lufira — the  TJhanja  lake  of  Magyar,  which  the  Lower  Eassabi 
touches  npon? 

The  same  difficulties  which  appear  in  the  way  of  the  Ohambeze 
liver  and  lake  chain  joining  the  Nile,  hold  also  against  the  Eassabi, 
which,  from  the  above  lepoitB,  wonld  seem  to  join  this  river  at  Lake 
Ulenge. 

Next,  the  question  arises,  if  these  rivers  do  not  form  a  part  of 
the  Nile  system,  where  then  shall  we  find  an  outlet  for  them? 
The  answer  to  this  is  plainly,  in  the  Congo  river. 

The  Congo  was  described  by  the  Jesuit  missionaries,  who  first 
visited  its  mouth,  as  bo  "  violent  and  so  powerful  from  the  quantity 
of  its  waters,  and  the  rapidity  of  its  current,  that  it  enters  the  sea 
on  the  west  side  of  Africa,  forcing  a  broad  and  free  passage  (in 
spite  of  tbe  ocean)  with  so  much  violence,  that  for  the  space  of  20 
leagues  it  preserves  its  fresh  waters  unbroken  by  the  briny  billows 
which  encompass  it  on  each  side."  In  the  introduction  to  his  nar- 
rative of  his  expedition  to  the  Congo,  Tuokey  says,  "  If  the  calcula- 
tion be  true  that  the  Congo,  at  its  lowest  state,  dischai^s  into  the 
sea  two  millions  of  cubic  feet  of  water  in  a  second,  the  Nile,  and 
the  Indus,  and  the  Ganges,  are  but  rivulets  compared  with  it,  as 
the  Ganges,  which  is  the  largest  of  the  three,  discharges  only  about 
one-fifth  of  that  quantity  at  its  highest  flood."  This  estimate  is 
greatly  exaggerated,  but  Tuckey  actnally  found  that  this  vast  river 
has  a  width  of  two,  three,  or  even  four  miles,  whilst  flowing  with  a 
current  of  two  or  three  miles  an  hour  (p.  S42),  and  this  not  at  its 
mouth,  bnt  inland  beyond  the  mountainous  coast  regions.    Snch  a 
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vast  river  canoot  be  formed  Id  a  short  oourae,  but  must  have  its 
rise  far  in  the  iaterior  of  the  continent. 

If  we  t&ke  the  Eassabi  river  and  its  drainage  to  the  Nile,  vhere 
shall  we  find  a  BufBciently  lengthened  course  for  the  Congo? 
Tuckey's  unelaborated  notes  give  the  opinion  that  the  "extraordi- 
narily quiet  rise  of  the  river  shows  it  to  issue  from  some  lake,  which 
hod  received  almost  the  whole  of  its  waters  from  the  north  of  the 
line;"  and  again,  he  says,  "I  cannot  help  thinking  that  the  Congo 
will  be  found  to  issue  from  some  large  lake  or  chain  of  lakes,  con- 
siderably to  northward  of  the  equator."  The  reason  of  Tuckey's 
BDpposition  that  the  lakes,  which  evidently  maintain  the  volume 
of  water  in  the  Congo,  would  be  found  north  of  the  equator,  is 
this,  that  he  found  the  rising  of  the  river  beginning  on  the  first 
days  of  September.  At  the  time  of  his  journey  little  or  nothing 
was  known  of  the  times  of  the  rainy  seasons  in  Central  Africa 
from  actual  esperience.  Since  then  the  traveller  Burton  has  told 
us  (in  his  account  of  the  expedition  to  Tanganyika,  B.  Gr.  S. 
Journal,  vol.  xxix.),  that  in  the  latitude  of  Tanganyika  the  rain 
sets  in  at  the  end  of  August,  lasting  till  May;  and  Livingstone 
says,  in  his  latest  letter,  that  he  did  not  proceed  to  Lake  Bangweolo 
from  the  Cazemhe's  capital,  where  he  arrived  ahout  the  middle  of 
September,  becatue  the  raint  had  ««t  t«.  Lake  Ulenge  lies  between 
these  latitudes,  so  that  the  rise  of  the  waters  of  the  Congo  on  the 
first  of  September  is  perfectly  explainable  without  the  necessity  of 
taking  its  reservoir  lakes  to  the  north  of  the  equator ;  if  the  lakes 
were  there,  the  rise  of  the  Congo  would  occur  at  a  much  earlier 
period  of  the  year,  as  we  shall  afterwards  notice,  and,  indeed,  the 
space  in  which  Lake  Ulenge  lies,  seems  to  be  the  only  one  on  the 
continent  whose  rainy  season  would  agree  with  the  observed  rise 
of  the  Congo. 

3.  The  Phyiical  Featuret  of  the  Lake  Region  and  the  Laket. 
The  great  highlands  of  the  world  encircle  and  turn  theit  steepest 
verge  towards  the  Pacific  and  Indian  Oceans;  the  slope  is  gentle 
towards  the  great  plains  which  enrround  the  Atlantic  and  Arctic 
Seas.  Africa  is  no  exception  to  this  rule,  since  it  presents  to  the 
Indian  Ocean  the  abrupt  descent  of  the  plateau  which  extends 
along  its  eastern  side  from  the  Gape  Colony  to  Abyssinia,  north- 
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ward.  It  is  trne  that  the  whole  of  Soath  Africa  is  a  plateau,  with 
a  general  elevation  of  about  3S00  feet,  and  that  the  outer  edges  of 
it  rise  steeply  from  both  coasts ;  hut  the  eastern  side  is  the  higher 
of  the  two,  and  the  law  of  a  general  slope  towards  the  Atlantic  in 
maintained  on  its  surface.  The  Lake  Begion  occupies  the  central 
part  of  the  eastern,  or  higher  side,  of  the  South  African  plateau, 
and  here  the  line  of  de»ient  to  the  coast-land  of  the  Indian  Ocean 
is  marked  continuously  from  north  to  south ;  first  hy  the  south- 
ward continuation  of  the  outer  slope  of  the  Abyssinian  table-land, 
then  near  the  equator  by  the  edge  on  which  the  great  mountain 
peaks  of  Eenia  and  Eilima  Ndjaia  rise;  farther  sooth  by  the 
Bubeho  Uountains,  up  which  Burton  and  Speke  asoended  to  the 
plateau;  and  then  by  the  N'jesa  Mountains,  which  wall  in  the 
Lake  Nyassa.  Farther  sontfa  the  cataracts  of  the  ShirS  river,  35 
miles  in  extent,  show  where  this  river  tumbles  over  the  edge  of 
the  plateau,  and  the  Zambezi  breaks  through  it  at  the  narrows  of 
Lupata.  Below  this  steep  edge  the  coast-land  slopes  in  gently  to 
the  sea,  and  is  diversified  by  wide  plains  or  scattered  bill  ridges. 

The  high  surface  of  the  South  African  plateau  inland  is  hollowed 
out  in  the  wide  high  valleys  which  contain  its  lakes  and  great 
rivers.  The  most  northerly  of  these  depressions  in  the  Lake  Region 
is  that  of  the  great  take  reported  by  the  ivory  trader  Pia^io,  who 
approached  within  60  miles  of  its  northern  shore.  This  lake  ap- 
pears to  lie  in  a  high  valley  on  the  northern  edge  of  the  plateau 
of  South  Africa,  or  rather  in  a  recess  of  the  northern  lower  land, 
partly  shut  in  by  the  slopes  of  the  plateau  southward,  and  the 
mountain  range  which  the  traveller  saw  rising  to  south-westward 
beyond  the  lake,  is  perhaps  only  the  steep  northern  edge  of  the 
southern  plateau  here. 

The  wide  depression  in  which  the  Victoria  Lake  lies  is  shut  in 
eastward  by  the  continuation  of  the  Abyssinian  highland  into  the 
SoQth  Aftican  plateau.  This  valley  appears  to  include  the  basin 
of  the  Babari  N'go,  which  is  believed  to  be  a  vast  salt  marsh,  or 
perhaps  a  sort  of  backwater  of  the  Victoria  Lake,  and  its  slope  is 
to  north-westward,  towards  the  angle  of  the  northern  lower  land 
which  is  formed  by  the  inner  side  of  the  Abyssinian  highland  nin- 
uing  north  and  south,  and  the  northern  edge  of  the  platean  of 
South  Africa,  which  has  a  direction  from  east  to  west. 
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Between  these  two  noithem  depressions  lies  the  deeper  and 
narrower  valley  of  the  Nile,  which  contaios  the  TaDganyika  &nd 
Albert  Lakes.  The  beginniDg  of  this  depreaaioD  ma;  be  said  to 
be  at  Lake  Liemba,  which  lies  sunk  2000  feet  down  in  the  edge  of 
the  plateau  north  of  Lake  Nyassa;  then  it  opens  ont  into  a  wider 
valley  to  the  east  of  Southern  Tanganyika,  but  again  closes  in  the 
northern  part  of  that  lake,  and  is  only  a  little  wider  where  the 
Albert  Lake  is  sunk  between  the  edge  called  the  Blue  Mountaina 
and  the  part  of  the  plateau  which  separates  this  depression  from 
the  higher  one  of  the  Victoria  Nyanza.  To  south-west  of  Tan- 
ganyika the  narrow  valley  of  the  Upper  Nile  appears  to  have  an 
opening  into  that  one  which  contains  the  Chambeze  and  its  lakes, 
made  known  by  Livingstone,  in  the  low-lying  country  of  the 
Cazembe. 

This  valley  of  Bangweolo  and  Moero  Lakes  seems  to  be  most  com- 
pletely surrounded  on  all  other  sides ;  by  the  high  plateau  of  Usango 
eastward,  by  a  narrower  portion  of  it  called  the  Muchinga  Moun- 
tains southward,  and  again  by  the  Eone  Mountains,  and  a  broader 
part  of  the  plateau,  the  copper  country  of  Katanga,  on  the  west. 
The  only  other  opening  or  outlet  into  this  valley  is  apparently  the 
rent  in  the  mountains  of  Bua,  through  which  the  river  makes  its 
escape  to  join  Ulenge.  Westward  is  another  and  wider  depression 
— the  wide  high  plain  which  forms  the  kingdom  of  the  great 
Muata  Tanvo,  watered  by  the  Eassabi  Biver,  and  stretching  out 
twtween  the  Mossamba  Mountains  where  the  river  rises,  and  the 
plateau  of  Eatanga,  which  separates  the  Tanvo's  from  the  Cazembe's 
valley. 

The  Zambezi  valley  closes  the  Lake  Begion  southward.  The 
Zambezi  ia  the  exceptional  river  of  Africa,  since  it  breaks  through 
the  higher  side  of  the  plateau  to  reach  the  Indian  Ocean.  Its 
sources,  however,  seem  to  be  on  the  inner  side  of  the  plateau, 
springing  on  the  western  slopes  of  the  Eone  Mountains,  and  flow- 
ing first  to  the  south-westward.  The  vast  basin  of  this  river 
(about  568,000  square  miles)  is  comparable  to  that  of  the  Volga, 
and  would  make  more  than  one  hundred  river  basins  such  as  that 
of  the  Thames. 

On  the  west,  the  waterparting  of  the  Zambezi  valley  at  Lake 
Dilolo  is  apparently  hut  little  elevated  above  the  plain  of  the  Muata 
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Ymito'b  kingdom ;  but  as  the  valley  descends  eastvard  its  northern 
side  appears  to  rise  to  the  range  of  the  Eons  and  Mucbinga  Monn- 
tains,  and  the  valley  becomes  deeper  and  narrower  where  it  cuts 
through  the  high  edge  of  the  plateau  eastward,  to  reach  the  coast. 
Lake  Nyassa,  a  tributary  lake  of  the  Zambezi,  lies  in  a  deep 
longitudinal  hollow  near  the  edge  of  the  plateau,  only  retained 
by  the  high  barrier  of  the  N'jesa  Mountains,  The  narrow  valley 
of  the  Shirfi  river,  which  flows  from  it,  continues  this  hollow  to 
the  Zambezi.  Lake  Shtiwa  is  similarly  situated,  hut  has  no  outlet, 
and  in  consequence  its  waters,  in  distinction  to  the  fresh  sweet 
water  of  the  other  lakes,  are  brackish.  The  approximate  area  of 
each  of  the  eleven  great  lakes  of  this  region,  so  far  as  their 
extent  is  known,  is  as  follows : — 

Sqiutra  UUm. 
Victoria  Nyaoza,   .......        29,900 

Albert  Nyaoza, 25,400 

Piaggia'a  Lake, 11,000? 

Tanganyika, 10,400 

Nyassa 8,600 

Bahari  N'go, 6,000  ? 

Bangweolo, 3,700 

Moero 2,000 

TJlenge, 1,000? 

Shirwa, 800 

Liemba, 700 

99,500 

The  whole  extent  of  water  surface  in  this  Lake  Begion  is  then 
nearly  100,000  square  miles,  an  area  not  far  short  of  that  of  the 
British  Isles.  A  more  definite  notion  of  the  great  extent  of  these 
inland  seas  of  fresh  water  may  perhaps  be  obtained,  if  we  observe 
that  a  direct  passage  across  the  Victoria  Lake,  from  shore  to  shore 
(in  its  presently  believed  extent),  corresponds  in  length  to  a  voyage 
across  our  North  Sea  from  Hull  to  Botterdam,  or  from  the  east- 
most  land  of  Scotland  at  Peterhead,  to  the  Norway  coast. 

The  more  important  of  the  rivers  of  the  Lake  Begion  have  been 
noticed  in  speaking  of  the  routes  taken  by  the  traveUers  who  have 
discovered  them.    One  of  the  main  hindrances  to  the  exploration 
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of  South  Africa,  is  the  difficulty  of  making  use  of  these  rivera  as 
highways  into  the  continent.  The  coast  rivers  of  the  Lake  Region, 
or,  indeed,  of  the  vbole  of  Eaetera  Africa,  are  barred  at  tbeir 
mouths  by  the  aggregated  debris  which  they  cany  down,  raised  in 
banks  on  the  ooast  between  the  downward  current  of  the  river  and 
the  opposing  monsoon,  or  trade  wind,  blowing  towards  the  coast. 
If  this  bar  is  passed  at  the  mouth,  still  the  navigation  even  of  the 
largest  rivers  cannot  cross  the  edge  of  the  plateau  where  cataracts 
and  rapids  form  a  new  obstruction.  The  vast  lakes  of  the  interior, 
and  their  great  connecting  rivers,  however,  present  great  lines  of 
navigable  water,  which  in  a  higher  civilisation  would  be  utilised 
for  busy  traffic,  the  line  of  the  Kile  basin  in  the  Tanganyika  and 
Albert  lakes  alone  affording  on  unbroken  voyage  of  about  900 
English  miles. 

Fiaggia,  the  traveller  who  has  been  nearest  to  the  great  lake 
which  lies  to  the  north-west  of  the  Albert  Nyanza,  reports  a  great 
river  called  the  Burt,  flowing  to  westward,  at  some  days'  journey 
from  Eifa  (bis  furthest  point),  and  which  issues  out  of  his  great 
lake.  The  same  river  has  been  reached,  at  some  distance  from  its 
supposed  outlet,  by  the  brothers  Foncet  (French  ivoiy  traders),  who 
have  loDg  trafficked  in  this  region,  and  they  express  the  opinion 
that  this  river  unites  the  equatorial  lakes  with  Lake  Tchad,  by 
means  of  the  Shari  river.  This  they  proposed  to  prove  by  an  ex- 
pedition on  it  in  boats.  The  question.  What  becomes  of  this  great 
river?  which,  at  its  outlet  from  the  lake,  is  so  large  as  to  be  only 
passable  in  boats,  is  an  interesting  one.  It  is  certainly  no  tribu- 
tary of  the  Nile,  and  the  two  most  probable  lower  courses  which 
it  may  have  are  those  of  the  Shari  to  Lake  Tchad,  or  of  the  Benue 
river  to  the  Niger.  If  it  ultimately  proves  to  Sow  to  Lake  Tchad, 
it  will  give  a  striking  evidence  of  the  vast  amount  of  evaporation 
which  must  exist  in  the  region  of  that  lake,  since  it  has  no  outlet ; 
but  the  Benue  river  seems  to  be  its  most  probable  course,  for  at  its 
confluence  with  the  Niger,  the  Chadda,  or  Benne,  is  the  larger  river. 
The  Ogowai  river  is  also  a  possible  lower  course  for  the  Burl,  but 
if  the  lake  reported  by  Piaggia  be,  as  we  suppose,  on  or  beneath  the 
northern  edge  of  the  plat«au  of  South  Africa,  it  seems  only  natural 
that  the  river  from  it  should  seek  the  lower  land  to  northward, 
than  turn  westward  along  the  northern  slope  of  the  plateau. 
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4.  The  Nature  of  ihe  Snr/aee  of  the  Lake  Region— III  Greai  FertUitf/. 

Africa,  the  only  one  of  the  contiaenU  wbicii  has  a  large  exteot 
of  land  on  each  side  of  tbe  equator,  presents  a  series  of  zones,  each 
of  which  has  a  different  nature  of  eniface,  and  these  belts  correspond 
very  closely  with  one  another  on  the  opposite  sides  of  the  equator. 
The  central  area  of  Africa,  below  the  equator,  in  the  zone  of  long 
rainy  seasoDS,  or  of  almost  constant  rain,  is  a  region  characterised 
by  dense  forests,  and  a  most  luxuriant  overgiowth  of  TegetatloD, 
comparable  to  that  of  the  selvas  of  the  Amazon  Biver  in  Sonth 
America,  which  occupy  tbe  same  equatorial  position  on  the  globe. 
To  north  and  south  of  this  forest  zone  is  a  belt  of  less  wooded 
country,  merging  gradually  into  open  cultivated  or  pasture  lands. 
Next,  these  graes  lands  pass  into  the  two  great  almost  rainless 
deserts  of  tbe  Sahara  in  the  north,  and  of  tbe  Kalahari  southward. 
Beyond  the  deserts,  at  tbe  extremities  of  tbe  continent,  tbe  enter 
slopes  of  the  Cape  Colony  in  tbe  south,  and  of  the  plateau  of 
Barbary,  the  "  Tell "  conntiy,  in  the  north,  present  a  second  zone 
of  fertile  and  cultivated  country. 

The  Lake  Begion  extends  from  this  central  forest  zone,  in  which 
the  equatorial  lakes  ate  formed,  through  tbe  more  open  belt  of  less 
wooded  country  southward,  as  far  as  the  Zambezi  valley,  and  this 
area  is  almost  everywhere  adorned  with  the  choicest  natural 
varieties  of  shady  forest,  with  luxuriant  underwood,  or  clumps  of 
trees  with  rich  grassy  plains  between. 

5.  Climate  of  the  Lake  Begion. 
Nowhere  more  than  in  this  central  region  of  Africa  are  the  sub- 
jects of  temperature,  rain,  and  winds,  more  closely  interwoven,  or 
mutually  dependent,  the  one  upon  the  other.  In  the  passage  of 
this  area  beneath  the  sun,  &  tow  atmospheric  pressure  is  produced 
by  an  ascending  heat  column,  and  by  the  condensation  of  vapour  in 
this ;  the  winds  flow  into  tbe  ascending  column,  and  faring  with 
them  the  moist  air  of  tbe  ocean,  which,  condensing  in  copious 
floods  of  rain,  reduces  tbe  temperature,  whilst  causing  a  further 
opening,  into  which  the  winds  blow  with  increased  power.  The 
area  of  low  pressure,  with  its  attendant  circumstance  of  winds  and 
rains,  always  tends  tflwards  that  part  of  the  continent  which  is 
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vertically  beneath  the  bud's  raya,  and  thne  rooTiug  up  and  down 
the  face  of  the  land  within  the  tropics,  gives  the  wet  and  dry,  the 
cold  and  hot,  seasons  of  the  yeai  in  this  region.  On  the  coast 
the  eeaaoDB  are  ehaiply  defined  :  the  continental  and  the  oceanic 
moQsooiiB  divide  the  year  between  either  a  single  or  a  double 
wet  and  dry  season  ;  but  in  the  high  interior  plateau  in  which  the 
lakes  are  situated,  the  winds  are  drawn  into  the  pendulating  area 
of  low  pressure  from  the  ocean,  nearly  throughout  the  year,  and  it 
is  only  when  extreme  limits  of  the  tropical  zone  come  directly 
under  the  sun,  that  a  higher  baiometiic  pressure,  an  outflow  of  the 
winds,  and  a  consequent  dry  period,  is  experienced  here. 

In  the  coostland  under  the  equator,  the  country  explored  by  the 
German  traveller  Brenner,  the  mean  temperature  of  the  year  is 
SS'^'l  (mean  of  three  daily  observations),  the  highest  observed  tem- 
perature (of  92°-8)  having  occurred  in  January,  and  the  lowest 
(73"'!)  in  May.  The  rainy  season  here  sets  in  with  the  south-east 
monsoon  in  April,  and  lasts  till  the  end  of  June.  The  second 
rainy  season,  which  we  shall  notice,  taking  place  farther  south  in 
September  and  October,  is  almost  lost  at  the  equator.  The  north- 
east monsoon  brings  a  cloudless  sky  of  clear  blue,  and  begins  to 
blow  here  in  November,  lasting  till  March,  and  in  this  season  rain 
is  never  thought  of. 

At  Zanzibar  Island,  six  degrees  south  of  the  equator,  the  mean 
temperature  of  the  year  is  nearly  80°  Pabr.,  rising  in  January  to 
an  average  of  83°,  falling  in  July  to  77° ;  and  it  has  a  double  rainy 
season,  astronger  in  March,  April,  and  May,  when  the  column  of  low 
pressure  has  passed  this  latitude  in  moving  northward ;  and  again 
in  a  weaker  in  September  and  October,  when  the  low  pressure 
passes  in  its  southward  course,  at  which  times  the  monsoon  winds 
change  from  the  nortb-east,  blowing  out  of  Asia  towards  South 
Africa,  to  the  eoDth>west,  blowing  from  Africa  towards  the  Asiatic 
continent.  In  the  low  countries,  beneath  the  edge  of  the  plateau, 
about  Zungomero,  Burton  tells  us  that  the  rain  is  constant,  except 
for  a  single  fortnight  in  the  month  of  January ;  at  most  times  the 
sun  shines  through  a  vale  of  mist  with  a  sickly  blaze  and  a  blister- 
ing heat,  and  the  overcharge  of  electricity  is  evinced  by  frequent 
and  violent  thunderstorms,  so  that  the  climate  of  Zanzibar  is 
equally  ruled  by  these  two  great  land  masses.    On  the  Mozambique 
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coast  the  winds  are  agalD  ruled  by  the  African  contioeDt  onlj,  and 
the  year  is  divided  into  a  dry  and  wet  season.  From  April  till 
NoTembet  the  undeflected  south-east  trade  wind  blows  upon  this 
coast,  and  either  from  the  lowness  of  the  land  or  tbe  shelter  it 
obtains  from  the  high  island  of  Madagascar,  this  wind  brings  tbe 
dry  season.  From  November  to  March  the  north-east  monsoon, 
here  at  its  farthest  south  limit,  having  passed  over  the  warm 
Indian  Ocean,  brings  the  rainy  season. 

On  the  plateau  inland,  the  climate  and  seasons  are  different 
The  mean  annual  temperature  of  the  table-land  in  the  neighbour- 
hood of  the  Victoria  Nyanza  was  found  by  Speke  and  Giant  to  be 
only  about  68°  Fahr.,  a  temperature  not  greater  than  that  of  the 
south  coasts  of  the  Mediterranean,  a  climate  not  unsuitable  to 
Europeans,  since  a  hot  summer  in  England  is  far  more  oppressive. 

The  rainfall  in  this  high  region  is  also  an  exceptionally  small 
one  for  a  tropical  country,  having  been  found  to  be  only  about  19 
inches,  or  not  so  much  as  that  of  many  parts  of  England,  and  this 
may  partly  be  accounted  for  by  the  fact  that  this  part  of  Africa  is 
deprived  of  all  rain  from  northerly  winds,  which  come  overland,  and 
the  prevailing  east  winds  lose  much  of  their  moisture  on  the  high 
eastern  slopes  of  the  plateau  before  reaching  this  region. 

The  traveller  Burton  gives  an  account  of  the  very  different 
climate  of  the  deeper  valley  of  tbe  Tanganyika  Lake.  Here  tbe 
rains  divide  tbe  year  into  two  unequal  portions  of  eight  and  four 
months, — namely,  the  wet  mousoun,  which  commences  with  violence 
in  tbe  end  of  August,  and  lasts  till  May,  and  the  dry  hot  weather 
which  completes  the  year.  During  the  wet  monsoon  (1858)  the 
provalent  wiuds  were  constantly  changing.  The  most  violent 
storms  came  up  from  the  south-east  or  south-west  of  tbe  plateau  of 
Umyamwesi,  to  westward  of  the  lake.  Here  he  says  that  there  are 
but  two  seasons,  a  summer  and  winter,  and  the  rains  begin  in  the 
middle  of  November.  "  The  moisture  bearing  wind  in  this  part  of 
Africa  is  tbe  fixed  south-east  trade,  deflected  into  a  periodical 
south-west  monsoon."  Further  south  in  tbe  Gaze mbe's  country, 
the  rainy  season  appears  from  Dr  Livingstone's  letter  to  begin  in 
September,  and  be  says  that  tbe  floods  in  the  country  west  of  Tan- 
ganyika last  till  May  or  June.  In  the  northern  part  of  the  Zambezi 
valley  the  traveller  Silva  Porto  found  the  rains  set  in  on  the 
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Arangoa  river  in  Febraary,  and  they  ended  with  him  on  the 
eastero  side  of  the  Nyassa  in  June. 

On  the  Zambezi  river  in  the  Makololo  dietrict,  Livingstone 
ohserres  that  the  rain  follows  the  course  of  the  ann,  since  it  falls 
first  in  October  and  November  when  the  sun  goes  over  this  zone 
southward.  When  the  tropic  of  Capricorn  is  under  the  sun  in 
December,  it  is  dry,  and  December  and  Januai;  are  the  months  in 
which  the  droughts  are  most  severe  in  the  countries  between  the 
Zambezi  and  the  Kalahari.  When  the  sun  tarns  ^ain  to  north- 
ward in  Febraary,  March,  and  April,  the  great  rains  of  this  part 
of  the  Zambezi  valley  are  experienced. 

6.  Population. 

The  Lake  Begione  of  Africa  are  well  peopled.  Bebm,  in  his 
"  Geographical  Tear-book,"  has  estimated  the  population  of  that 
part  of  Eastern  Africa,  which  ties  between  the  equator,  the  line  of 
Lake  Tanganyika,  the  Cazembe's  country,  and  the  Poituguese 
colonies  on  the  coast,  at  3,500,000.  1!bia  gives  a  density  of  popu- 
lation of  about  aix  to  a  square  mile,  but  is  apparently  rather  under 
than  above  the  mark.  It  is  true  that  the  alave  trade  must  reduce 
and  disturb  the  population  of  this  part  of  Africa  to  a  great  extent, 
since  many  thousands  of  slaves  are  annually  brought  down  to  and 
exported  from  the  harbours  on  the  coast;  but,  on  the  other  hand, 
travellers  in  this  region  report  a  continuous  population.  Captain 
G-rant  describe  the  part  of  the  Lake  Region  which  he  traversed  aa 
too  thickly  peopled  to  harbour  many  wild  animals ;  the  shores  of 
Lake  Tanganyika  are,  according  to  Speke,  "  Uiickly  inhabited  by 
numerous  tribes ;"  and  in  his  voyage  on  Lake  Nyassa,  Livingstone 
says,  "  Never  before  in  Africa  have*  we  seen  anything  like  the  dense 
population  of  the  shores  of  Lake  Nyaesa,  especially  in  the  south. 
In  some  parts  there  seemed  to  be  an  unbroken  chain  of  villages. 
On  the  beach  of  well-nigh  every  little  sandy  bay,  black  crowds 
were  standing  gazing  at  the  novel  spectacle  of  a  boat  under  sail." 

The  inhabitants  of  the  Lake  Begion  appear  to  belong  entirely  to 
the  negro  or  negroid  race,  but  are  closed  in  to  north  and  south  by 
peoples  of  a  different  stamp. 

The  Niam  Niamt  who  inhabit  the  country  north  of  the  lake 
reported  by  Fia^a,  and  west  of  the  Albert  Lake,  who  had  formerly 
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the  reputadoD  of  being  "  half  men  and  half  dogs,  vith  a  fan-like 
tail,"  and  of  haviog  a  disposition  to  eat  their  fellow -creatuies, 
prove,  on  nearer  inspection  by  the  traveller  Piaggia,  to  be  men  of 
powerful,  leguUr,  and  fine  figure,  of  stately  carriage,  with  bronze- 
coloured  skin,  long  hair,  and  thick  beard,  barbaroos  indeed  in  their 
customs,  but  not  cannibals.  They  are  considered  to  be  identical 
with  the  interesting  race  of  the  Fellatdh,  the  dominating  people  of 
the  western  Sondan,  or  are  perhaps  a  step  between  tbeee  and  the 
Gallae  of  the  east. 

Burton  describes  the  peoples  he  met  with  between  the  east  coast 
and  the  Lake  Eegion : — "  The  Sawahili  of  the  Zanzibar  coast  are 
sprang  from  the  intercourse  of  foreign  traders  and  emigrants,  Fboe- 
nicians,  Jews,  Arabs,  and  Pereians,  with  the  African  aborigines. 
The  Balonda  people  of  the  kingdom  of  the  liluata  Tanro,  to  the 
west  of  Lake  Tanganyika,  are  almost  pure  negroea ;  and  between 
these  and  the  mixed  east  coast  there  is  a  tolerably  regular  grada- 
tion of  negroid  races  from  east  to  west,  brought  about  partly  by 
long  intercourse  with  foreign  settlers,  and  in  part  by  intermixture 
with  the  non-negro  races  of  North  Africa.  The  high  road  from 
the  coast  to  Ujiji  runs  through  comparatively  quiet  and  peacefnl 
races."  "  Cannibalism,"  says  Burton,  "  is  rare  in  Eastern  Africa, 
and  results  either  from  policy  or  necessity." 

The  aspect  of  the  great  mass  of  this  negroid  race  is  not  unpre- 
poBsessing.  They  are  tall  and  well-made  mulattos,  rather  above 
the  European  standard,  A  giant  or  a  dwarf  is  never  seen.  The 
people  of  the  maritime  regions  have  rough  dirty  skins  of  a  dull 
pale  black,  like  that  of  diluted  Indian  ink ;  from  the  central  ele- 
vation of  the  eastern  platean  the  complexion  improves,  and  further 
inland  the  yellow  skin,  so  much' prized  in  Eastern  Africa,  appears. 
From  the  TTnyamwesi  plateau  to  Tanganyika  Lake,  in  those  lower 
levels  where  heat  and  humidity  are  in  excess,  the  people  become 
lamp  black,  without  a  shade  of  brown.  The  negroid  races  appear 
to  extend  down  the  outer  slope  of  the  continent  to  near  the  Zam- 
bezi valley  southward. 

Livingstone  speaks  of  the  negro  peoples  of  the  shores  of  Lake 
N'yaasa ;  and  Silva  Porto  describes  the  natives  he  met  with  in  the 
northern  watershed  of  the  Zambezi  valley  as  "hospitable  negroes." 

The  Biver  Zambezi  is  nearly  the  boundary  between  the  negroes 
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oi  negroids  of  the  Iiake  Bcgion,  and  the  EafGr  races  of  South 
Africa. 

South  of  the  Zambezi  the  kingdom  of  MoBilikatze  has  been 
mode  up  of  the  remains  of  a  number  of  formerly  iDdependeot 
tribes  conqnered  by  the  Matebele  EafGrs  pushing  northwards ;  and 
Sekeletu's  Makololo  kingdom,  in  the  Upper  Zambezi  valley,  was 
founded  by  a  former  ruler  who  led  this  conquering  Kaffir  tribe  from 
the  head  of  the  Orange  river  northward,  and  incorporated  the  van- 
quished tribes  with  this  one  to  form  his  kingdom. 

The  most  important  kingdom  of  South  Africa  is  the  empire  of  the 
Mnata  Yanvo,  whose  subjects  are  purely  negroes.  The  dominion 
of  this  potentate  seems  b)  reach  from  the  Uossamba  Mountains,  at 
the  head  of  the  Eassabi  river  westward,  to  the  town  of  Shinte,  on 
the  Iieeba  river,  and  the  Mucbinga  Uountains  southward,  and 
thence  round  to  the  southern  part  of  the  Tanganyika  Lake. 

The  Dorthem  extent  of  this  kingdom  is  as  yet  unknown.  The 
Muata  Yanvo's  empire  includes  that  of  the  Cazembe,  who  is  his 
vassal,  and  who  rules  for  his  sovereign  over  that  part  of  the  king- 
dom which  is  Beparated  from  the  main  portion  by  the  desert  or 
mountainous  country  of  Eatanga.  The  fertile  and  thickly  peopled 
area,  known  to  be  under  the  sway  of  this  great  Central  African 
ruler,  is  far  greater  than  any  of  the  kingdoms  of  Western  Europe, 
and  might  be  compared  in  extent  to  the  united  bulk  of  France  ami 
Italy. 

In  conclusion,  we  may  glanoe  at  the  enormous  labours  of  the 
great  traveller  Livingstone,  to  whom  the  world  is  indebted  for  so 
vast  a  portion  of  its  knowledge  of  the  African  continent,  and  whose 
recent  travels  have  given  a  fresh  interest  to  this  part  of  the  globe 
The  area  of  South  Africa,  which  Livingstone  baa  already  explored, 
and  not  only  explored,  but  in  great  part  surveyed  with  accuracy, 
has  an  extent  of  about  one  million  of  square  miles.  It  is  difficult  to 
form  a  correct  notion  of  the  space  covered  by  such  an  area;  and  it 
may  help  to  give  an  idea  of  the  work  which  has  been  accomplished, 
if  we  remember  that  the  united  areas  of  all  the  western  kingdoms 
of  Europe — France,  Austria,  Germany,  Italy,  Spain — would  scarrel.v 
make  up  the  extent  of  land  which  Livingstone  has  virtually  addi'd 
to  the  known  world. 
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2.  On  Uie  Bteady  Motion  of  an  Incompressible  Perfect 
Flmd  in  Two  Dimenaions.    By  Professor  Tait. 

While  diBoassing  Bomo  of  Mr  Smith's  applications  of  Maxwell's 
iDgenioua  idea  of  representing  gslvanio  currents  by  the  motions  of 
an  imaginaty  flnid  (anU,  p.  79),  I  was  led  to  the  present  investi- 
gatiou.  I  have  since  found  that,  ae  was  only  to  be  expected,  I 
had  been  anticipated  in  a  great  many  of  the  resnlts  I  obtained— 
especially  by  Stokes,  in  the  ZVan*.  of  the  Cambridgt  Phil.  8oe. 
1843.  Still  it  appears  to  me  that  I  have  a  few  novel  results  to 
commnnicate. 

11  ifi  t=  const,  he  the  eqaation  of  a  Garrent-line,  Stokes  has 
shown  that — 

where/is  an  arbitrary  function. 

By  the  integration  of  this  oqnation  varions  singular  reenlts  are 
obtained,  especially  as  to  the  natore  of  the  families  of  cnrrea  which 
con  be  lines  of  flow. 

The  equation  of  lines  of  equal  presfiuie  is  then  fonnedj  and  from 
it  corresponding  results  are  deriTed,  A  curioua  result  is  obtained 
when  the  motion  is  irrotational;  in  which  case  there  is  a  velocity- 
potential  ift,  and  we  have — 

^  =  ¥  +  °  =  (0  +  (t)'- 

Here  the  elimination  of  ^  gives  us — 

'f'logP     ^     d'\ogP  . 

The  method  is  also  applied  to  certain  cases  of  motion  which,  though 
not  steady,  can  be  treated  as  if  they  were  steady — viz.,  cases  in 
which  a  given  state  of  motion  is  propagated  in  the  fluid  by  transla- 
tion or  rotation ;  so  that  to  a  spectator  moving  in  a  given  manner 
in  a  plane  parallel  to  the  Buid,  the  motion  appears  to  be  steady. 
Thus,  for  instance,  we  cod  treat  as  steady  motion  the  case  of  two 
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equal  parallel  vortex-filamenta  rotating  either  id  the  same  oi  in 
contrary  directions. 

3,  On  the  most  general  Motion  of  an  IncompresBible 

Perfect  Fluid,    By  Professor  Tait. 

This  ifi  a  qnatemion  iDvestigation  into  the  ciicumBtanoes  of  fluid 

motion,  especially  with  reference  to  the  case  of  TOrticee.     The 

method  employed  is  very  eimilar  to  that  which  I  gave  to  the 

Society  in  1862  {Proc.  RBJS.  AprU  28). 

It  is  shown  that  if  o-  be  the  vector-velocity  of  a  particle  of  fluid, 

BO  that 

<r  -  iu  +  jv  +  kwi, 

and  if  we  introduce  the  operators  D^  and  8,-  snoh  that 

"'  =    ^    "^    "^    +    "^    +    "^    -dT    +    ^" 
together  with  Hamilton's  operator — 

1  .  4  +   y^   +  ht, 

dx  ay  de' 

the  equations  of  fluid  motion  and  of  continoify  are^ 
<JP  -   ^<]p    = 


0,      J 


S4<r-    =     0, 
where  r  is  the  density,  and  P  the  potential  of  the  applied  forces. 

The   principal   transformation   is   efieoted   by   means   of   the 
curious  theorem  in  kinematics 

Thus,  for  instance,  we  have  from  the  equation  of  motion 

VOD,*-  =  0, 
becanae  4'(  P-^Jisobvioualyascalar.    The  above  theorem  then 
gives 

which  proves  that  if  <(  m  is  ever  zero  for  any  particle  of  the  fluid 
it  must  remain  so  for  that  particle. 

As  an  additional  instance  of  the  simplicity  of  the  method 
employed,  the  following  may  be  given  in  this  abstract: — 
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If  T  be  the  inetantaDeous  Mia  of  the  element  of  fluid,  whose 
velocity  is  a-,  we  have — 

<j  <r  =    -    2t  . 

But 

S4'a-=  0, 

whence, 

This  coukainB  the  sulution  of  the  problem,  treated  by  HelmhoUz, 
to  detennine  the  linear  velocity  of  each  floid  particle,  when  the 
angular  velocity  is  given. 

4.  Mathematical  Notes.    By  Professor  Tail. 
The  following  self-evident  propoeitions  were  employed  for  tlip 
deduction  of  several  curious  coDsequencea — 
(..)  4.  =  (i  +  l)'   -   (x-1)', 

or,  "  Every  cube  is  the  difference  of  two  squares,  one  at  least  of 
which  is  divisible  by  9." 
ih.)  If 

«»    +    yi    =    SlS, 

then 

(as  +  ^fjf  +  (as  -  y*)V  =  {*»  +  y)^. 

This  furnishes  an  easy  proof  of  the  impossibUity  of  finding  two 
integers  the  sum  of  whose  cubes  is  a  cube. 


Monday.  Uh  April  1870. 

The  Hon.  Lord  NEAVEK,  Vice-President,  in  the  Chair. 

At  the  request  of  the  Council  Frofessor  "WyviUe  Thomson,  Bel- 
fast, delivered  an  address  on  "  The  Condition  of  the  Depths  of  the 
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Monday,  ISth  April  1870. 
Propkssor  KELLAND,  Vice-Preeident,  in  the  Cliair. 
The  following  CommanicatioDB  were  read : — 

1.  Pacts  as  to  BraiD-Work ;  in  Illnetration  of  the  New  and 
Old  Methods  of  Philosophical  Inquiry  in  Scotland.  By 
Thomas  Laycock,  M.I>. 

A  few  words  io  explanation  are  needed.  In  my  eummer  course 
of  lectuiea  on  Medical  Psychology  and  Uental  DiseascB  delivered 
in  the  DniTeTsity,  I  have  to  InTestigate  the  human  mind  in  its 
practical  relations  to  the  body,  and  espeoially  I  have  to  teach  how 
each  influencea  the  other,  so  that  the  physician,  or  any  intelligent 
peisoD,  may  be  able  to  modify  these  relations  beneficially.  The 
starting-point  in  these  inquiries  is  the  fundamental  fact  of  ex- 
perience, that  no  changes  in  the  mind  or  the  coQBciousness  of  what- 
ever kind  can  or  do  arise,  or  continne,  withont  a  corresponding  series 
of  changes  somewhere  in  the  brain-tissue.  This  fact  being  held  as 
certain  as  the  fact  of  gravitation,  the  solutions  of  the  problems  to 
be  solved  depend  upon  a  knowledge  of  the  relations  which  the 
two  series  of  phenomena  bear  to  each  other;  for  which  knowledge 
it  is  necessai;  to  analyse  and  classify  the  varying  states  of  con- 
BcionsDesa  on  the  one  hand,  and  the  changes  in  the  brain-tissne 
which  correlate  them  on  the  other.  As  to  the  last  mentioned,  it 
is  certain  that  they  are  vital;  they  come,  therefore,  nndei  the 
sciences  of  Life  collectively  termed  biology. 
'  But  all  molecular  changes  in  living  tissues,  of  whatever  kind 
they  may  be,  and  consequently  those  of  the  brain,  can  be  brought 
also  within  the  circle  of  molecular  physica,  for  they  can  all  be 
resolved  into  motion  of  something,  whether  we  designate  that 
something  an  atom,  a  molecule,  a  vortex,  a  ring,  or  a  centre  of 
force.  They  are  due,  therefore,  to  energy;  or,  as  distinct  from 
mind,  to  motor  energy.  The  Bev.  Professor  Haughton,  M.D.,  of 
Dublin  University,  was  led  by  experimental  research  to  the  con- 
clusion, that  aa  much  motor  energy  is  expended  in  brain-work  in 
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Qye  hours  as  in  mnscld-ffork — eayby&Btreet-paviour — in  teo  lionrs. 
Although  all  the  changes  going  on  in  living  tissues  may  be  finally 
resolved  into  chemical  changes, — a  fact  well  illustrated  by  Dr  W.  B. 
Bichardson,  and  by  ProfeBBor  Cnim  Brown's  and  Dr  Thomas  R. 
Fraser's  valuable  researches  into  the  connection  between  physio- 
logical action  and  chemical  composition,  lately  communicated  to 
the  Society, — they  are  distinct  from  those  induced  in  inorganic 
matter  by  chemical  affinity,  and  hence  the  need  of  connoting  the 
energy  by  the  term  vital.  Now  the  distinguishing  character  of  that 
energy,  whether  manifested  in  plants  or  in  animals,  is  adaptation 
of  all  motion  to  ends.  Evolved  in  the  brain,  this  vital  energy  is 
manifested  as  mind,  and  life  is  thus  spiritualised.  I  would  even 
venture  to  say  that  matter  is  thus  im materialised,  for  since  all 
states  of  consciousness  correlate  motion  of  something,  it  is  not  the 
connection  of  mind  with  mere  ponderable  or  brute  matter  we  have 
to  discuss,  but  of  mind  with  adapted  motions  in  infinite  vuiety. 
All  estemal  impressions  received  through  the  sensea  and  exciting 
stat«s  of  consciousness  can  be  resolved  into  motions  that  can  be 
exactly  measured,  in  regard  to  impressions  on  the  eye  and  ear,  and 
all  internal  impressions  passing  from  one  part  of  the  brain  or  of 
the  body  to  another  part,  can  be  resolved  also  into  an  energy  cor- 
relative with  motion,  termed  vis  nervota.  So  that  psychology  by 
this  method  is,  in  one  sense,  a  department  of  physics;  in  a  wider 
sense  it  is  a  science  or  philosophy  of  nature,  and  therefore  differs 
essentially  from  modem  physiology,  which  is  only  a  restricted  de- 
partment of  physiology  in  the  true  and  ancient  sense  of  the  word. 
In  fact,  the  method  I  adopt  is  an  adaptation  of  the  ancient  Aristo- 
telian method  to  modem  philosophy,  and  in  adopting  it  with  me, 
the  Faculty  of  Arts  of  the  University  would  only  return  to  a  for- 
mer arrangement  of  work.  Sir  William  Hamilton  observes  on  this 
point  to  the  effect,  that  "  Aristotle's  treatise  On  the  Soul  being 
(along  with  his  lesser  treatises  on  Memory  and  Bemintacence,  on 
Sente  and  itt  Oljectt,  &c.)  included  in  the  Parva  Naluralta,  and 
he  having  declared  that  the  consideration  of  the  soul  was  part  of 
the  philosophy  of  nature,  the  science  of  mind  was  always  treated 
along  with  physics."* 

*  Lectures  on  Helaphfsice,  vol.  i.  p.  127. 
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The  caaae  of  this  cbaoge  in  Faculty-work  waa,  in  fact,  the  rise 
of  diffeient  methods  of  philosophioal  mquii;  ntuDcd  the  reflective, 
which  discarded  all  observation  and  experimental  leeeaich  what- 
ever. Sii  William  Hamilton  explicitly  taught  that  the  only  es- 
teinal  condition  needed  for  philosophical  inqniiy  is  a  language 
"capable  of  embodying  the  abstractions  of  philosophy  without 
figurative  ambiguity," — a  condition  not  yet  attained,  however,  noi 
likely  to  be.  "With  this  one  condition,"  Sir  William  declares, 
"all  is  given;  the  philosopher  requires  for  his  discoveries  no  pre- 
liminary preparations,  no  apparatus  of  instruments  and  materials 
....  it  iB  only  necessary  that  the  observer  enter  into  hb  inner 
self  [and  here  is  truly  a  figurative  ambignity  of  language]  to  find 
there  all  he  stands  in  need  of."*  Hence  the  reading  and  writing 
of  books,  and  discussions  of  opinions,  are  the  proper  results  of 
reflective  inquiry.  It  was  to  bis  extreme  devotion  to  the  literature 
of  philosophy  that  was  due  that  lamentable  palsy  of  the  sign- 
making  organs,  the  right  band  and  speech -muscles,  termed  aphasia, 
with  which  he  was  afflicted,  for  these  were  overworked  in  the  acqui- 
sition of  that  immense  erudition  which  distinguished  him.  The 
locality  of  the  brain-disorder  in  these  cases  is  in  the  anterior  lobes, 
more  especially  the  posterior  third  of  inferior  frontal  convolntion. 

Although  the  principles  of  the  reflective  method  there  laid  down 
by  its  greatest  modem  master  exclude  obeerration  and  experi-  . 
mental  research,  Sir  William  Hamilton  did  not  neglect  physio- 
logical inquiry.  My  own  researches  into  the  reflex  and  unconscious 
functions  of  the  brain,  made  twenty-five  years  ago,  were  rewarded  by 
his  highly  valued  approval  and  friendship,  heoaiue  he  saw  in  them 
the  physiological  side  of  his  doctrine  of  "latent"  consciousness; 
but  the  kind  of  inquiry  he  followed  was  physiolDgical  in  the  re- 
stricted sense  of  a  physiology  of  the  human  brain,  and  not  in  the 
wider  sense  of  a  science  of  nature.  But  I  do  not  advocate  this 
restricted  method  as  the  best  or  even  a  true  method  of  philosophical 
inquiry,  nor  do  I  wish  to  defend  the  errors  to  which  it  leads.  I 
speak  only  for  my  own  method  as  just  explained. 

Katters  being  thus,  it  interested  me  to  read  the  manifesto  of 
principles  and  methods  which  my  reverend  and  respected  colleague, 

•  LectnrBB  on  Metaphjiice,  voL  i.  p.  883. 
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the  Professor  of  Moral  Pbiloaophy,  gave  forth  when  he  took  posBes- 
Bioa  of  his  chair  in  November  1868,  and  vhich  he  pnbliebed  under 
the  title  of  "Uoial  Philosophy  as  a  Science  and  a  Diecipliue." 
In  this  essay  be  specially  criticised  the  physiological  method,  and 
in  such  a  way  that  the  Professor  of  Physiology  thought  it  ex- 
pedient to  publicly  controvert  his  views.  The  facts  I  have  to  place 
before  the  Society  having  a  reference  to  this  criticism,  I  quote  it. 
Professor  Calderwood  said,  "  There  are  evidences  of  great  activity 
on  the  part  of  upholders  of  a  seDsational  philosophy,  differing  only 
in  its  modiScatioQS  from  that  which  Scotland  formerly  rejected 
under  tbe  leadership  of  Beid  and  Stewart.  In  conjunction  with 
Uiis  revival  of  eensationalism,  there  is  eagerness  not  only  to  com- 
bine physiological  and  mental  science,  but  even  to  question  tbe 
sufficiency  of  our  inveetigations  regarding  the  facte  of  consciousness 
— to  make  nerves  and  muscles  the  only  safe  approach  to  a  science 
of  mind, — and  to  proclaim  the  necessity  of  making  physiology  the 
basis  of  psychology.  Tbe  consequence  of  this  is,  not  only  that 
mental  philosophy  is  being  encumbered  with  irrelevant  investiga- 
tions concerning  such  physical  processes  as  mastication  and  respira- 
tion, and  fiuch  physical  experiences  as  toothache  and  cramp  in  the 
stomach,  but  we  are  involved  in  all  tbe  hazard  connected  with  tbe 
use  of  a  false  method."  I  gather  from  this  sentence  that  my 
reverend  colleague,  however  opposed  or  misinformed  he  may  be 
as  to  the  physiological  method,  certainly  ncans  not  only  to  defend 
and  resoluteJy  maintain  tbe  sufficiency  of  the  reflective  method  as 
laid  down  by  his  great  master,  but  to  assert  its  superiority  over  the 
Aristotelian  method  of  observation  and  research.  Kow,  it  is  upon 
these  points  that  I  join  issue  with  him.  I  shall  select  two  prob- 
lems for  illustration,  taken  from  my  reeiiected  colleague's  own  de- 
partment, viz.,  the  nature  of  belief  and  of  personal  identity,  being 
guided  to  the  selection  by  his  own  declaration,  viz.,  "  The  supposi- 
tion that  physiology  can  lead  us  to  philosophy  of  mind,  is  doomed 
to  rejection  by  all  to  whom  it  is  «leai  that  our  personality  is  not 
essentially  connected  with  our  body,  which  is  only  a  temporary 
dwelling,"  &c.  In  this  condemnation  of  physiology  is  included 
the  assertion  of  the  psychological  proposition  that  mind,  considered 
as  an  energy  or  principle,  is  separable  from  life,  and  that  it  only 
occupies  tbe  living  body  as  a  temporary  tenant.    Now,  the  holders 
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of  this  opinion  have,  in  common  with  the  physiologists,  a  belief  in 
a  future  life,  and  follow  two  methods  of  inquiry  as  to  that  tmth  of 
religion,  viz.,  the  ecnfirmatio  veri  and  the  inquintio  tieri.  The 
spiritnalistB  (so-called)  have  adopted  the  latter  or  ecientifio  method, 
the  orthodox  philoaopbers  the  former.  To  this  end  they  state 
certain  propositions  as  nnqneationable.  Firstly,  that  every  man 
assuredly  believes  be  is  a  mental  unity,  one,  or  Ego ;  secondly,  that 
"onr  thinking  Ego  .  .  .  is  essentially  the  same  thing  at  every 
period  of  its  existence," — I  quote  Sir  William  Hamilton,  vol.  i. 
p.  374;  and,  thirdly,  that  the  evidence  upon  which  these  assnmed 
beliefs  are  founded  is  sufficient,  being  that  of  conscioneness  itself. 
In  other  words,  I  feel  assured  that  I  am  one  and  the  same  person 
that  I  ever  was,  and  therefore  I  am  one  and  the  same.  Is  this 
evidence  sufficient?  Can  we  rely  aheolntely  and  without  need  of 
verification  upon  the  veracity  of  consciousness  manifested  as  belief? 
To  answer  this  question  clearly,  it  Is  necessary  to  understand  how 
beliefs  arise  and  are  modified.  Now,  since  according  to  the  funda- 
mental fact  that  every  Btat«  of  conscIonsneaB  coincides  with  corres- 
pondiog  molecular  change  in  brain-tissue,  we  conclude  that  all 
beliefs,  being  states  of  consciousness,  mnst  be  coincident  with  such 
changes.  Is  this  conclusion  true  in  fact  ?  First,  as  to  the  Ego.  A 
man,  like  other  mammals,  is  one  in  body — a  corporeal  unity — in 
accordance  with  the  fundamental  biol(^cal  law  of  organisation  ad 
hoc.  The  belief  that  he  is  one,  or  Ego,  bodily,  is  founded  upon  hts 
knowledge  of  this  fact.  The  belief  that  he  is  a  mental  unity,  or  a 
thinking  Ego,  correlates,  as  I  shall  shortly  show,  the  unity  of  cere- 
bral function  manifested  in  the  various  states  of  consciousness  of 
the  man  at  any  given  moment.  But  the  belief  that  this  Ego, 
whether  corporeal  or  mental,  is  essentially  the  same  thing  at  every 
successive  period  of  a  man's  existence,  includes  wholly  different 
phenomena,  since  it  refers  to  past  time,  and  consequently  implies  a 
reminiscence  of  what  it  was  at  some  moment  of  past  time,  or  in 
past  time  generally.  Now,  reminiBcence  is  proveably  dependent 
upon  a  recording  vital  process,  whereby  we  are  enabled  to  know  In 
time  present  by  virtue  of  the  so-called  association  of  ideas — what  we 
were,  and  thought  and  did  in  past  time.  If  there  be  no  record  or 
memory,  or  if  there  be  a  record,  but  no  association  of  ideas  so  aa  to 
induce  reminiscence,  then  there  is  no  knowledge  of  past  mental 
*0L,  vrr.  u 
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states.  Wbst  ia  eBsential,  theTefora,  to  belief  in  oontiunoiu  peraonal 
ideotlt;  as  a  meotal  state,  is  that  coQsecDtive  coDtinnity  of  vital 
processes  which  is  necessary  to  remiDiscsDce,  and  not  a  coDtinnons 
couscionsDess,  as  is  the  doctrine  of  reflective  philosophy.  Memory 
in  this  eenee  may,  and  does  extend  in  fact  beyond  the  con- 
sciousness, so  that  changes  may  and  do  take  place  in  the  coneciona- 
ness  which  are  due  to  preceding  records  mode  without  coDsciousneM, 
but  which  not  being  for  that  reason  recognised  as  belonging  to 
past  mental  life,  are  believed  to  be  intuitive.  Memory  in  the  in- 
dividual from  this  point  of  view,  and  considered  as  a  vital  process, 
has  its  exact  counterpart  in  what  may  be  termed  memory  of  the 
species  of  both  plants  and  animals,  in  virtue  of  which  consecutive 
continuity  of  vital  process  through  the  seed  or  germ  is  maintained, 
and  ancestral  qualities  reproduced  in  offspring. 

Such  being  the  philoei^hy  of  belief,  considered  as  the  result  of 
brain-work,  it  is  not  diCBcult  to  understand  why  the  philoeophy  of 
morals,  in  so  far  as  it  is  founded  on  identity  of  belief  simply,  or 
orthodoxy,  and  not  upon  knowledge,  is  chaotic ;  nor  how  it  ia  that 
all  the  efforts  made  to  secure  identity  of  mere  belief,  independently 
of  knowledge  of  the  order  of  nature,  whether  by  education  or 
otherwise,  must  fail. 

I  shall  now  illustrate  these  views  by  morbid  oi  insane  beliefs. 
The  reflective  philosophy,  as  is  well-known,  discards  all  inquiry  into 
aberrant  mental  states ;  with  much  the  same  propriety,  however,  as 
an  astronomer  would  discard  the  observation  of  planetary  observa- 
tion :  in  the  inductive  method  these  are  of  the  greatest  value  as 
experiments  of  nature.  By  examining  every  kind  of  result  of  the 
molecular  change  as  manifested  by  others,  and  comparing  these 
with  our  own,  we  are  enabled  in  truth  to  study  them  as  directly 
manifested  to  our  own  consoiousness.  Hence  all  facta,  all  writing, 
all  art,  and  all  conduct,  however  normal  or  abnormal,  are  the  appro- 
priate facts  for  inductive  inquiry.  To  illustrate  the  method  in  this 
direction,  and  at  the  some  time  to  show  the  true  relations  of  belief, 
I  place  before  the  Society  the  portrait  of  a  house-carpenter  painted 
by  himself,  with  a  descriptive  legend  describing  himself  as  three 
persons,  viz. — 1.  Qeorge  Elliot,  his  true  personality.  2.  "  Creorge 
the  Fifth,  son  of  George  the  Fourth ;"  and,  3.  "  The  Emperor  of 
the  world — the  true  and  lawful  God."    The  reflective  philosopher 
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woaM  think  it  a  suffloient  explanation  to  say  that  the  man  is  a 
luDRtic.  He  Bhonld  reroembei,  bowevei,  that  he  owes  this  ez- 
planation  to  the  physiological  method.  Formerly,  the  explanation, 
according  to  the  reflective  method  was,  and  with  iDany  still  is,  that 
the  lunatic  is  either  inspired  or  else  possessed  by  a  spiritnal  being. 
The  iodactive  philosophy,  starting  from  the  fnndamental  fact  that 
all  states  of  consciousness  of  a  man,  however  manifested,  cannot  be 
manifested  independently  of  vital  processes,  lays  down  the  law  that 
in  the  living  man  Life  and  Mind  are  inseparable,  and  consequently 
that  the  "thinking  Ego"  is  the  man  himself.  Now,  although 
his  person  is  double,  whether  as  to  limbs  or  brains,  hte  corporeal 
condition  of  unity  is  no  more  affected  thereby  in  a  healthy  state 
tbw  the  unity  revealed  in  conscionsness — the  one  being  the  reflex 
of  the  other.  His  two  brains  act  together  bo  as  to  attain  the  unity 
of  consciousness,  jnst  as  his  two  eyes  act  in  anity  of  vision ;  but 
as  he  may  see  double  when  the  two  eyes  act  disjointly,  so  may  be 
have  a  doable  conscionsness  when  the  two  brains  act  disjointly. 
Whother  be  believes,  or  whether  he  doubts  that  he  sees  two  objects, 
or  that  be  is  one  or  two  persons,  depends  upon  those  molecular 
conditions  npon  which  the  belief  and  doubt  of  the  moment  depend. 
Or,  again,  just  as  an  object  of  vision  may,  from  disorder  of  the 
corresponding  biain-tissne,  appear  to  a  man  to  be  something  wholly 
different,  as  when  his  friend  appears  to  be  the  devil,  constituling 
what  is  termed  a  hallucination,  eo  his  personality,  from  disorder  of 
the  conesponding  brain -tissue,  may  appear  to  be  something  wholly 
different,  and  he  may  chance  to  have  an  hallucination  that  he  is 
the  devil.  It  appeara  probable,  therefore,  that  although  a  man  may 
have  many  and  various  delusions  as  to  his  state  of  mind  and  body, 
he  will  rarely  exceed  three  distinct  and  fixed  delufiions  as  to  his 
personality,  viz.,  one  resulting  from  disorder  of  each  bnun  acting 
disjointly,  and  one  from  disorder  of  both  acting  conjointly.  Under 
the  restrictlDnB  stated,  the  reanlt  of  nnmerous  observationB  I  have 
made  is  in  accordance  with  this  view.  So  much  for  the  break-up 
of  the  unity  of  consoionsnesB  by  brain  disorder.  It  is  obvious  at  a 
glance  that  these  diversities  of  belief  as  to  perscual  identity  are 
associated  with  brain  changes  involving  memory  and  reminisooDoe ; 
otherwise,  when  Elliot  came  to  a  belief  in  his  royal  birth  and 
parenti^e,  he  would  also  remember,  to  the  oonfoaion  of  the  belief, 
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tbat  he  is  and  always  has  been  6«oi^e  Elliot  the  hoQBe-carpeater ; 
or,  at  least,  a  reminiscoDce,  however  v^;ae,  would  induce  donbt. 
But  no  such  reaulta  followed,  and  the  belief  ia  fixed  and  nn- 
waveriog. 

Theee  consideratione  apply  to  belief  only;  but  to  understand  the 
queetions  at  isene  better,  I  ehall  inquire  how  a  man  comes  to  donbt, 
and  what  ie  eeeential  to  ae  accurate  knowledge  as  he  can  attain 
nnder  the  circumetaaoes.  For  this  purpose  I  shall  select  the  state 
of  consciousness  known  as  dreaming.  No  well>informed  inqnirei 
now  holds  the  doctrine  that  in  that  state  man  is  inspired,  or  that 
the  soul  or  mind  acts  independently  of  the  body;  it  ia  admitted 
that  every  auch  change  of  conaciousneas  as  constitutes  dreaming  is 
directly  dependent  upon  molecular  changes  in  the  brain-tissue.  In 
accordance  with  the  physiological  law  already  laid  down,  the  dreamer 
believes  in  the  reality  of  his  dreams,  however  absurd  they  may 
be,  and  however  far  removed  from  the  normal  conditiona  the  mole- 
cular changea.  It  is  only  when  he  awakes,  and  the  normal  condi- 
tion is  restored,  that  he  doubts  or  disbelieves.  Now,  an  analysis 
of  these  purely  physiological  phenomena  shows  that  those  states 
of  coDsciousnesa  which  in  the  waking  condition  of  the  brain  are 
either  reminiscencea  or  anticipations,  have  in  dreama  no  true 
element  of  time,  either  past  or  to  come;  they  are  either  wholly  of 
the  present,  or  have  no  true  relation  either  to  time  or  to  space. 
Memory,  therefore,  as  the  knowing  reminiscence  of  pact  states  of 
existence,  and  judgment  as  the  perception  of  the  future,  are 
abolished.  Memory  of  the  paat  is  abolished,  on  the  one  hand, 
because  the  association  of  ideaa  upon  which  that  faculty  depends, 
and  which  began  at  some  paat  time,  ia  abolished  j  while,  on  the 
other  hand,  there  ia  no  knowledge  of  any  existing  personal  rela- 
tions to  time  and  space,  becanse  the  aenaea  being  shut,  there  is  no 
perception  p<»sible  of  these  relations.  Hence  the  merest  phan- 
tasms of  the  imagination,  admittedly  due  to  molecular  changes 
induced  under  these  conditions,  are  received  as  verities.  Beid 
relates  how,  on  a  certain  occasion,  when  he  slept  with  a  blister  on 
his  head,  he  believed  he  was  being  scalped  by  Indians.  It  is  only 
on  awaking,  when  memory,  and  external  perception,  and  normal 
associations  of  ideas  are  restored,  that  a  true  knowledge  of  the 
fallacious  character  of  the  belieb  can  be  attained.    Henoe  it  is 
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clear  that  these  cooditioDs  lire  Decessaiy  to  a  right  belief  in  coq- 
tinuonB  personal  identity.  These  concluaionB  are  etrictly  applicahle 
to  alt  hallucinations  and  beliefs  of  morbid  origin.  Many  persons 
have  deloeive  beliefs  during  the  waking  state  as  transient  as 
dreams.  This  is  very  common  in  the  brain-failnre  of  old  age. 
Delusive  beliefs,  more  strictly  insane,  may  come  and  go  in  like 
manner  in  the  earlier  stages  of  an  insanity.  I  had  a  patient  under 
my  care,  in  whom  they  came  on  only  when  he  was  in  a  heated 
room,  and  who  could  recover  from  them  by  the  cold  doncbe  applied 
to  the  face.  In  cases  like  George  Elliot,  the  morbid  state  is  best 
described  as  a  fixed  dream.  When  those  molecular  changes,  which 
coincide  with  the  mnemonical  records  of  his  daily  life,  of  things  done, 
succeed  each  other,  he  truly  believes  he  is  George  Elliot,  a  house- 
carpenter ;  but  when  the  mnemonical  records  of  his  dream-life, 
and  which  are  wholly  dissociated  from  the  former,  are  presented  to 
the  couBciousness,  then  the  associated  personality  is  presented  also, 
end,  for  the  time  being,  he  believes  as  firmly  he  is  another  person 
than  Geo^  Elliot.  These  delusive  states  may  have  every  degree 
of  duration.  In  certain  kinds  of  waking  Bomnambulism,  the 
individual  lives  an  actual  life,  as  two  wholly  dissociated  persona- 
lities, for  hours  or  days  alternately,  the  mnemonical  records  of 
the  two  being  quite  as  dissociated  as  dreaming  and  waking  life;  or 
they  may  occupy  only  a  few  momeute,  as  in  the  artificial  somnam- 
bulism induced  mesmerically,  where  the  brain  has  been  so  acted 
on  that  the  patient  is  made  to  hold  the  most  absurd  beliefs, — to 
believe,  in  short,  whatever  he  is  told  is  real.  In  this  way  Sir  J. 
Young  Simpson  changed  the  personal  identity  of  two  ladies  in 
regard  to  the  husband  of  one  of  them,  so  that  the  unmarried 
believed  she  was  the  married,  and  vice  versa.  From  these  facts, 
and  they  might  be  multiplied  to  any  extent,  it  is  clear  that  the 
notion  or  belief  of  personal  identity  is  not  due  to  mind  in  the 
abstract,  considered  as  an  immaterial  substance  acting  in  entire 
independence  of  life  and  organisation,  but  to  mind  in  the  concrete, 
as  inseparably  associated,  not  with  bntte  inert  matter,  but  with 
the  motions  and  forces  upon  which  life  depends.  Tbis,  I  need 
hardly  say,  is  no  new  doctrine  of  philosophy,  whether  profane  or 
biblical.  The  earliest  record  of  Scripture  affirms  that  man  only 
became  a  living  soul  after  the  breath  of  life  was  breathed  into  his 
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noBtrils;  and  St  Paul,  the  philosophic  apostle,  adopting  this  view 
to  explain  the  leBurrection,  neea  the  biological  analog;  of  the 
continuouB  life  of  the  species  of  plaotB  through  the  germ,  to  indi- 
cate how  the  individual  or  perBonal  life  of  man  ma;  be  continned 
independently  of  conBciousnesB,  and  how  it  may  be  evolved  into 
consciouBness  at  some  future  time,  plainly  adopting  thereby  the 
Aristotelian  doctrine  of  the  soul. 

Many  attempts  have  been  made  to  verify  the  separate  existence  of 
the  soul,  whether  as  a  religious  dogma  or  a  philosophical  doctrine, 
and,  of  necesBity,  all  have  failed.  I  have  placed  before  the  Society 
an  illustration  of  these  attempts,  by  the  so-called  Bpiritualiate,  to 
prove  the  fact  of  an  independent  personal  identity.  It  is  a  drawing, 
by  a  member  of  an  eminent  literary  family,  of  the  spirit-emblem 
of  a  distioguiBhed  and  much  esteemed  fellow  of  this  Society.  Hera 
are  published  representations  of  like  emblems,  taken  from  Mra 
Newton  Grosslacd's  "  Light  in  the  Valley."  The  BeereBS,  we  are 
told,  who  beholds  these  mystical  appearances,  describes  them  as 
appearing  to  her  in  colours  of  liquid  light,  with  the  utmost  clear- 
ness, more  rich  and  radiant  than  earthly  jewels.  These  emblems 
are  usually  seen  to  be  situate  behind  the  persons  to  whom  they 
belong,  the  centre  of  the  emblem  risiog  just  above  the  head,  and 
occupying  a  circumfcreDce  of  several  feet.  They  are>the  badges 
by  which  perBons  are  recognised  in  the  spirit-world,  even  while 
tbey  remain  on  earth.  To  the  production  of  these  emblems  a 
belief  in  the  separate  existence  of  "  spirits  "  is  essential — doubt, 
like  the  waking  from  a  dream,  either  prevents  or  dispels  the 
phantasies.  Physiologically  they  differ  in  no  respect  from  the 
delusions  of  George  Elliot,  or  of  dreamers,  ^llie  verification  of 
any  belief  means  the  investigation  of  the  order  of  nature,  so  as  to 
determiue  whether  tbe  conclusions  presented  to  the  consciousness 
as  brain-work  coincide  with  tbe  natural  order  of  events.  To  those 
who  are  confident  that  tbey  can  assuredly  believe  in  their  own 
eyes,  the  sun  undoubtedly  moves,  and  the  obseiver  is  motionless, 
but  a  verificatioD  of  tbe  conclusion  shows  that  the  motion  is  in  the 
observer,  and  the  sun  is  motionless.  Now,  when  a  spiritualist 
attempts  to  verify  bis  belief  in  spirits,  he  ignores  tbe  fact  that  his 
belief  is  due  to  molecular  changes  out  of,  at  least,  direct  relation 
to  any  spiritual  influence,  except  that  which  constitutes  his  own 

DiqitlzscbyGOOqlC 


o/EdirJm-gh,  Session  1869-70.  155 

epiritaal  nature,  aod  is  thus  led  to  eeteem  the  meie  phaDtoems 
of  his  own  imagination  as  proof  of  eztemal  agencies  which  may 
exist,  but  which,  by  the  tonus  of  the  hypothesis,  cannot  be  veii- 
Sed.  Beeolved  into  their  ultimate  elements,  all  the  so-called 
pioofs  of  spiiit-life,  when  stated  bona  fide,  are  simply  presentationa 
to  the  consciousness  of  Uie  inquirer's  own  brain-work,  as  delusive 
as  those  of  the  lunatic  or  the  dreamer.  It  has  been  commonly 
said  that  this  class  of  inquirers  are,  for  the  most  part,  either  of 
weak  mind,  or  credulous,  or  ignorant.  But  this  is  not  so.  Here 
are  delineations  of  the  od>force,  as  investigated  by  Baron  von 
Reichenbacb,  a  skilled  scientific  inquirer.  He  never  saw  what  is 
here  represented  sb  the  manifestations  of  the  od-force,  he  simply 
shows  what  was  described  to  him  as  such  by  hysterical  and 
morbidly  nervous  women ;  and  if  they  be  true  as  descriptions, 
they  are  only  lepreflentations  to  the  coDscionsness  of  phantasmal 
brain-worfc.  Some  of  these  so-called  spirit  operations  are  instroc- 
tive  illustrations  of  eesthetioal  automatic  action  of  a.  cultivated 
brain.  The  emblem  of  a  fellow  of  this  Society,  drawn  by  a  person 
of  high  culture,  is  contrasted  well  with  the  uncouth  mystical 
emblems  of  an  uneducated  female  lunatic  before  me.  1  was  assured 
by  my  late  friend  David  Bamsay  Hay,  and  no  one  was  more  com- 
petent to  judge,  that  it  is  exactly  true  to  the  geometrical  principles 
of  form  and  colour. 

In  the  delusions  of  George  Elliot  we  have  an  illustration  of 
another  intereetiDg  result  of  brain-work,  the  ideational  evolution 
of  the  intuition  of  the  infinite,  a  subject  so  much  and  so  earnestly 
discussed  by  reflective  philosophers,  and  which  is  equally  as  capable 
of  biological  illustration  as  the  preceding. 

2.  On  Change  of  Apparent  Colour  by  Obliquity  of  Vision. 
By  Robert  H.  Bow,  C.E.,  F.R.S.E. 

I  discovered  the  peculiarity  of  chromatic  vision,  which  is  the 
Bubject  of  this  paper,  in  the  month  of  January,  when  conducting 
some  experiments  upon  the  perfection  of  definition  at  dififerent  parts 
of  the  retina;  and  I  may  introduce  the  subject  by  first  referring  to 
these  experiments. 

In  the  case  of  ordinary  sensation  seated  in  the  skin,  there  are 
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two  offices  performed  by  the  nervea — Ent,  that  of  informing  the 
mind  of  the  fact  of  the  contact  or  impreBsion  being  made ;  and, 
second,  that  of  giving  more  or  less  minute  information  as  to  the 
locality  of  the  aensation.  FiofesBor  Weber  experimented  upon  the 
latter  power,  by  testing  the  least  distance  apart  at  which  two 
objects  touching  the  skin  of  any  part  of  the  body  could  be  felt  as 
two  distinct  sensationB;  and,  as  yon  are  aware,  this  tactile  power 
bears  no  constant  proportion  to  the  mere  power  of  feeling  a  senea- 
tion  of  contact.  For  instance,  the  back  of  the  band  is  perhapa 
more  sensitive  to  a  simple  contact  than  the  tip  of  the  finger,  but 
Weber  found  that  the  points  of  contact  are  required  to  be  fonrteeD 
times  further  apart  at  the  bock  of  the  hand  than  at  the  tip  of  the 
finger,  before  they  can  be  distinguished  as  separated. 

Now,  a  very  strong  analogy  exists  between  these  two  functions 
of  ordinary  sensation  and  correspoDding  ofBces  of  the  retina. 
Objects  seen  obliquely  are  not  strikingly  difi'erent  in  brightness 
from  the  same  seen  in  the  direction  of  the  optical  axis,  but  the 
power  of  definitiOQ  (apart  altogether  from  mere  optical  causes) 
varies  immensely.  I  attempted  to  investigate  this  defining  power 
for  different  parts  of  the  retina  by  a  method  exactly  analogous  to 
Weber's — namely,  by  inspecting  two  white  spots  on  a  blackened 
card,  and  detormiuing,  for  different  angles  of  obliquity  and  direc- 
tion, the  greatest  distance  from  the  eye  at  which  these  spots  could 
be  detected  to  be  double.  But  I  soon  found  that,  when  the  vision 
is  very  oblique,  there  is  a  puzzling  feeling  of  uncertainty  as  to  the 
resnlt ;  and  it  occurred  to  me  to  assist  the  judgment  by  substituting 
for  the  white  spots  objects  of  contrasting  colours. 

On  attempting  to  put  this  idea  into  practice,  I  made  the  im- 
portant discovery,  that  when  coloured  objects  are  inspected  under 
oblique  vision,  the  colours  are  at  the  same  time  reduced  in  inten- 
sity, and  changed  in  character :  thus,  tcarlet  becomes  successively 
orange,  yellow,  and  whitish-yellow,  according  to  the  obliquity; 
(rreen,  of  a  medium  character,  tends  to  become  white,  and  violet  to 
become  blue. 

In  experimentiug  upon  the  subject,  it  is  best  to  place  the  coloured 
object  obliquely  on  the  nasal  side  of  one  eye,  the  other  eye  being 
closed ;  much  smaller  angles  of  obliquity  bring  about  the  phenomena 
when  seen  on  this  side  of  the  eye,  and  we  get  rid  of  any  complicity 
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with  tbe  iDnnsitiTe  spot  where  the  optic  nerve  joidb  the  retina.  I 
may  point  out  here,  however,  kq  experiment  that  shows  the  geser&l 
peculiarity,  and  also  the  excess  of  change  that  takes  place  when 
the  object  is  on  the  nasal  side  compared  with  the  other.  Against 
a  dark-coloured  wall  hold  up,  at  arm's-length,  an  orange- coloured 
object  of  three  or  four  inches  in  diameter.  We  suppose  it  held  by 
the  right  hand;  then  turning  the  face  rather  towards  it,  look  at  a 
point  in  the  wall  eighteen  or  twenty  inches  to  the  left  of  tbe  object ; 
and  DOW  closing  the  eyes  alternately,  it  will  he  observed  that,  when 
the  right  eye  is  open,  the  object  will  appear  of  nearly  its  full  orange 
colour,  but  when  the  right  eye  is  closed  and  the  left  opened,  the 
object  will  assume  a  pale,  sickly,  yellow  tint;  and  if  the  point  in 
the  wall  be  taken  further  from  the  object,  the  colour  seen  by  the 
left  eye  will  approach  nearer  to  white.  To  cause  the  same  amount 
of  change  to  the  right  eye,  the  obliquity  must  he  very  much  greater. 
Another  mode  of  conducting  the  experiment,  aa  depending  upon 
the  contrast  of  effect  upon  the  two  sides  of  the  eye,  is  this :  Choose 
two  objects  of  the  same  colour,  place  these  two  or  three  inches 
above  or  below  a  mark  on  the  wall,  close  one  eye,  and  with  the 
hands  withdraw  the  objects  equally  away  on  either  side  from  the 
central  position,  the  eye  being  rivetted  to  the  mark  on  the  wall ; 
it  will  then  be  noticed  that,  relatively,  the  object  on  the  nasal  side 
of  the  oheerving  eye  undergoes  a  rapid  change  of  tint  or  colour. 
But,  it  may  be  repeated,  the  moat  satisfactory  mode  of  examining 
the  changes  is  to  use  one  eye  and  observe  with  the  coloured  object 
on  the  nasal  side  of  it,  tbe  eye  being  held  steadily  upon  a  mark, 
which  may  or  may  not  be  of  the  same  colour  as  the  object.  Observed 
in  this  way,  the  following  changes  will  be  presented ; — 

Fint.  Tbe  colours  lose  more  or  less  their  obromatic  intensity, 
and  approach  nearer  to  white  or  black,  according  as  they  are  placed 
upon  a  dark  or  light  ground.  Ent  extreme  red  is  especially  marked 
as  losing  illnminative  power,  as  well  as  chromatic  character.  Ultra- 
marine blue,  on  tbe  contrary,  appears  to  lose  very  little  by  oblique 
vision ;  it  assumes  a  lighter  blue  hue. 

Second.  The  colours  undergo  a  change  of  chromatic  character, 
a.  Brilliant  learlet,  painted  with  biniodide  of  mercury  and 
gum  arabic. — This,  when  placed  on  a  dark  ground,  and 
observed  at  an  obliquity  of  about  30°  on  the  nasal  side, 
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Bp[jeara  oraoge ;  at  40°  U>  50°  it  looks  of  a  eomewhat 
meagre  yellow,  beyond  this  a  pale  yellov.  As  eeoD  at 
the  outside  of  tbe  eye,  the  orange  only  appeara  vhen  the 
obliquity  reacbea  80°,  and  the  yellow  at  9(f. 

b.  Some  orange  coIoutb  show  the  change  very  markedly  to 

yellow,  and  to  nearly  white. 

c.  Emerald  jreen.— This,  at  40°,  becomes  nearly  white,  gene- 

rally yellowieh. 

d.  VUramarine. — This  is  very  pergistent,  visible  at  40°  as  a 

blue. 

e.  Pink,  of  a  purplish  cast — This  inday-light,  when  placed 

on  a  white  ground,  appears — even  at  a  very  moderate 
obliquity — a  purplish  blw ;  if  placed  on  a  black  ground, 
it  assumes  a  lavender  hlae  colour. 

This  change  of  purples  and  pinks  to  blae  is  one  of  the 
most  striking ;  perhaps  the  best  way  of  witneseing  it  is  to 
nse  two  thicknesses  of  cobalt  bine  glass,  fortified  with  a 
pink  or  purple  one,  so  as  to  allow  both  extremities  of  the 
epectntm  to  pass  freely.  This  screen,  held  before  a  gas 
light,  appeara  by  direct  vision  of  a  fine  pink  colour,  but 
by  a  moderate  obliquity  it  is  reduced  to  a  bright  blue. 

/.  A  bluish-^reen  glass,  held  in  front  of  a  gaa  light,  appears 
to  become  blue  by  oblique  vision, 

g.  A  yellowish-^een  glass  becomes  by  oblique  vision  more 
decidedly  yellow. 

Bemarkt  and  Speeulationa  on  tht  Phenomena. 
Under  oblique  vision  the  purples  or  pinks  become  blue,  and  the 
extreme  red  becomes  dull.  It  would  appear,  therefore,  that  towards 
the  margins  of  the  retina  the  sensation  of  blue  is  less  reduced  in  in- 
tensity than  that  of  red,  and  a  step  in  the  explanation  of  the  results 
is  this:  the  red  in  the  purple  or  pink  becomes  a  dull  orange  or 
yellow  under  oblique  vision ;  this  gives  rise  to  the  sensation  of  white 
light  when  combined  with  a  part  of  the  blue,  and  reduces  the  re- 
maining part  of  the  blue  to  a  paler  cast.  The  same  explanation 
applies  to  a  blue-green  becoming  blue — the  green  becomes  white  or 
pale  yellow  under  oblique  vision,  and  so  dilutes  the  blue  ingredient 
to  a  paler  shade. 
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The  second  obaervatioa  that  may  be  made  upoD  the  lesulte  Ib, 
that  by  oblique  Tieioa  the  vartonB  colours  are  seen  under  the  same 
conditions  se  in  the  most  common  form  of  colour-blindnesB,  wherein 
there  are  really  only  two  colon r-senB&tioDe,  the  upper  half  of  the 
spectrum,  from  blue-gre»n  up  to  violet,  and  including  pinks  and 
pnrples,  appeariag  blue;  and  the  lower  half,  from  yellow-green 
down  through  yellow,  orange,  and  scarlet,  to  bright  red,  appearing 
yelhv);  and  in  such  colour-blindneBS  the  extreme  red  is  frequently 
very  dull.  We  may,  therefoie,  expect  the  discovery  of  some  simi- 
larity in  the  conditions  of  the  central  part  of  the  retina  of  an  eye 
affected  with  this  form  of  colour-blindness,  and  the  marginal  parts 
of  the  retina  of  a  normal  eye. 

Before  concluding,  I  would  venture  to  connect  the  discovery 
with  an  existing  theory  of  colour-sensation,  as  it  may  help  to 
establish  that  theory,  should  a  prediction  the  connection  leads  to 
be  found  to  he  correct. 

The  figure  here  given  shows  a  section  of  part  of  the  retina 
(Eolliker).    Now,  it  has  been  suggested  that 
each  of  the  layers  V,  G-,  and  B,  Is  receptive  of  the 
sensation  of  light, — the  layer  V  being  affected  " 

by  the  more  refrangible  rays  blue  and  violet,  B 
being  affected  by  the  less  refrangible  yellow,  _ 

orange,  and  red,  while  the  central  layer  O  is 
affected  by  the  central  parts  of  the  spectrum,  |^ 

blue,  green,  yellow,  and  orange  ;  and  this  would 
account  for  the  approximate  ochromaticity  of 
the  eye,  for  when  the  eye  is  arranged  for  the  most  scute  vision, 
the  focus  of  blue  rays  will  correspond  with  V,  of  green  rays  with 
G-,  and  of  scarlet  rays  with  B. 

But  it  is  well  known  that  the  eye  does  not  see  any  colour  quite 
purely;  there  is  always  white  light  present,  or,  in  other  words,  one 
of  the  layers,  V,  Gr,  or  B,  cannot  be  agitated  or  excited  without  the 
others  partaking  to  some  extent  in  the  excitation.  Ifow,  there  is 
a  probability  that  the  degree  of  freedom  with  which  one  layer  may 
transmit  its  special  sensation  without  one  or  both  of  the  others 
participating,  to  an  important  degree,  in  the  excitement,  depends 
in  part  upon  the  maintenance  of  a  considtrahle  interval  between 
the  layers.    Let  us  then  imagine  the  interval  between  G  and  B  to 
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become  more  or  less  perf»clly  oblitenited,  and  it  ia  evident  that  no 
simple  BensatioQ  of  red  or  green  could  be  felt,  but  only  a  colonr- 
BCDsation,  which  correeponds  nith  the  excitement  of  both  of  thcHS 
layers,  which  ie  yellow.  It  may,  tlierefore,  be  worth 'the  attention 
of  anatomiBts,  slcilled  in  working  with  the  microscope,  to  ascertain 
if  any  decided  reduction  of  the  interval  O  to  B  takes  place  towards 
the  margins  of  the  nonnal  retina,  oi  has  place  in  the  central  part 
in  eyes  that  have  shown,  during  life,  the  commonest  form  of  de- 
fective vision  of  colour ;  we  should  also  expect  a  reduction  of  the 
interval  V  to  0,  but  to  a  less  decided  degree.  In  the  case  of  an 
eye  completely  colour-blind,  we  should  look  for  the  coalescence  of 
the  three  layers  into  one,  unless  the  defect  were  accounted  for  by 
the  absence  or  paralysis  of  two  of  the  layers. 

The  following  motion  by  Mr  Sang  vras  coDsidered : — 

1.  Every  Communication  intended  for  the  Society  shall  be  sub- 
mitted to  the  Council,  and  passed  by  them  as  not  containing  anything 
objectionable,  before  being  mentioned  in  the  Billet. 

2.  The  Society  shall  not  take  up  any  matter  which  has  not  been 
announced  in  the  Programme,  except  in  cases  of  extreme  urgency. 

The  motion  was  not  adopted,  as  the  Society  thought  that 
Mr  Sang's  views  were  already  embraced  ia  the  printed  regu- 
lations for  the  order  of  basiness. 


Monday,  2d  May  1870. 

DAVID  MILNE  HOME,  Esq..  Vice-President,  in 
the  Chair. 

The  following  Communications  were  read ; — 

1.  Remarks  on  the  Theories  of  Capillary  Action.    By 

Edward  Sang,  Esq.,  F.R.S.E. 

That  theory  of  capillary  action,  which  seems  to  have  satisfied 

the  greater  number  of  physicists,  is  founded  on  the  assumption 

tliat  the  particles  of  a  fluid  are  separated  by  distances  immensely 
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great  id  comparison  with  tbeii  magnitudeB,  and  that  these  particles 
attract  each  other, — the  sphere,  however,  of  their  attraction  extend- 
ing to  a  distance  infinitesimally  email  in  comparison  with  the 
observed  disturbances  of  the  fluid-level. 

The  accommodation  of  this  theory  to  the  actual  phenomena  is 
accomplished  by  long  operations,  comprehensible  only  by  those 
who  are  familiar  wiLh  the  higher  calculus.  The  object  of  the  pre- 
sent paper  is  to  examine  this  theory  in  the  light  afforded  by  a 
general  knowledge  of  the  leading  laws  of  mechanical  science.  For 
this  purpose,  the  author  proceeds  to  analyse  the  ordinary  pheno- 
mena of  the  rise  of  water  ronnd  a  piece  of  clean  glass  which  has 
been  plunged  into  it.  Assuming  a  fluid  parlicle  situated  upon  the 
inclined  surface,  he  observes  that,  according  to  the  hypothesis  of 
an  infinitesimally  small  sphere  of  attraction,  this  particle  is  beyond 
the  direct  influence  of  the  glass ;  the  only  other  influences  to  which 
it  is  subjected  are  gravitation  and  the  attraction  by  the  adjacent 
fluid  particles. 

Now,  according  to  this  same  hypothesis,  the  particle  is  attracted 
by  that  part  of  the  fluid  which  is  within  a  small  sphere  described 
around  it;  but  the  curved  surface,  having  its  radius  of  curvature 
infinitely  greater  than  the  radius  of  this  sphere,  may  be  regarded 
as  flat  within  the  range  of  attraction,  and  therefore  the  solicita- 
tion, to  which  the  particle  is  exposed,  must  be  exerted  in  a  direc- 
tion normal  to  the  surface.  By  a  more  minnte  examination,  the 
author  shows  that,  if  the  radius  of  the  sphere  of  attraction  be 
reckoned  as  a  differential  of  the  first  order,  any  deviation  from  nor- 
mality must  belong  to  the  third  order  of  differentials — that  is, 
must  be  of  an  order  infinitesimally  smaller  than  the  infinitesimally 
small  sphere  of  attraction. 

Thus  the  only  two  solicitations  to  which  the  particle  can  be 
subjected  are,  the  attraction  of  the  fluid  exerted  in  a  direction 
normal  to  the  surface,  and  gravitation.  Now,  it  is  impossible  that 
the  resultant  of  these  two  solicitations  can  be  normal  to  the  sur- 
face ;  but  no  fluid  can  be  in  repose  if  the  attraction  exerted  upon  a 
particle  at  its  surface  be  not  normal  to  that  surface,  wherefore,  the 
author  of  the  paper  concludes,  the  i  nfinitesim  ally -small -sphere- of- 
attraction- hypothesis  is  untenable. 

On  considering  the  hypothesis  of  attraction  generally,  the  author 
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proceeded  ro  remark  that,  in  order  to  prevent  the  condeDsatioD 
which  would  result,  w«  must  aappoBe  some  reBietance  to  the  farther 
approach  of  the  particles,  which  we  may  typify  by  a  repulsion ; 
and  that  these  tendencies — the  attractive  and  the  repulsive — must 
be  in  equilibrium.  A  theory,  then,  which  takes  into  account  only 
one  of  these  equilibrated  antagonists,  must  Decessarily  be  defective. 
And  since,  in  all  cases,  the  attraction  supposed  to  exist  between 
two  sets  of  particles  must  necessarily  be  resisted  by  actions  between 
them,  there  can  be  notension  like  that  which  has  been  supposed  to 
he  exhibited  by  the  superficial  films  of  fioids. 

2.  Theory  of  CoDstruction  of  the  Great  Pyramid.  By  John 
Christie,  Esq.  Communicated  by  the  Bev.  W.  Lindsfty 
Alexander,  D.B. 

In  his  early  investigations  on  the  principles  of  construction  of 
the  Q-reat  Pyramid,  the  author  was  forcibly  struck  with  the  follow- 
ing fact — viz.,  that  if  a  perpendicular  be  drawn  through  the 
apex  of  the  Pyramid  to  its  base,  and  the  unit  angle  with  the  hori- 
zontal thrown  up  from  the  base  on  each  side  of  this  perpendicular, 
the  angle  comes  out  on  tbe  faces  of  the  Pyramid  at  the  openings 
of  tbe  north  and  south  ventilating  air-channels;  at  the  same  time 
he  was  led  to  the  conclusion  that  one-tenth  of  the  base  line,  and 
the  same  tenths  also  applied  to  the  faces  of  tbe  Pyramid,  ruled  the 
entire  structure.  Following  this  out,  and  having  erected  per- 
pendiculars on  each  of  these  tenths,  and  horizontals  from  each 
of  tbe  facial  divisions,  the  firet  step  procured  a  grand  central 
point — viz.,  in  the  centre  of  tbe  grand  gallery;  tbe  next  step 
was  to  account  for  the  position  of  the  Eing'e  Chamber,  by  the 
intersections  of  the  first  and  second  circles — used  in  the  con- 
struction of  tbe  Pyramid,  as  shown  in  Diagram  No.  1.  Having 
thus  obtained  a  central  perpendicular  for  the  King's  Chamber,  he 
then  made  use  of  the  diiection  of  the  celestial  equator,  and  where 
it  cut  the  last-named  perpendicular,  a  third  point  was  gained  as  a 
centre  for  the  third  circle,  which  completes  the  Pyramid  in  its 
external  form.  He  next  found,  that  by  connecting  the  south  out- 
crop of  tbe  air-channel  with  the  north  comer  of  the  base,   a 
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parallel  was  gained  foi  tbe  angle  of  tbe  grand  gallery.  By  draw- 
ing a  horizontal  line  between  the  two  air-channel  mouths,  and 
dropping  perpendiculars  from  these  to  the  base,  two  oblongs  are 
formed,  one  on  each  side  of  the  axis ;  the  diagonals  of  each  of 
these  being  the  unit  angle. 

The  astronomical  bearing  of  the  Pyramid  seems  manifestly  to 
be  indicated  in  the  eectioDS  of  the  King's  Cliamber.  In  the  sec- 
tion of  it  in  its  breadth,  the  chamber  is  filled  up  by — first,  a  section 
of  the  Pyramid  itself,  the  base  of  which  is  the  floor  line  of  the 
chamber ;  the  space  above,  as  regards  height,  being  filled  by  an 
equilateral  triangle,  its  angles  60°,  corresponding  as  they  do  with 
the  direction  of  the  celestial  equator,  60°  seem  to  point  with 
threefold  force  to  the  fact  that  the  Pyramid  has  a  direct  reference 
to  the  sun. 

The  same  is  twice  repeated  in  the  section  of  the  Eing's 
Chamber  in  its  length,  the  length  of  the  chamber  being  exactly 
twice  its  breadth.  Another  very  marked  reference  of  the  same 
kind  occurs  in  the  position  that  the  Queen's  Chamber  bears  to  the 
Eing'a  Chamber.  If  an  equilateral  triangle,  whose  apex  is  in  the 
centre  of  the  floor  of  the  King's  Chamber,  be  constructed,  having 
its  bdse  in  the  base  line  of  the  Pyramid,  the  centre  of  the  floor 
of  the  Queen's  Chamber  will  be  found  to  be  exactly  in  the  middle 
of  the  north  limb  of  this  triangle,  other  instances  are  also  shown 
to  be  regulated  by  the  equilateral  triangle. 

The  unit  angle  regulates  the  length  and  height  of  the  Eing's 
Chamber,  the  space  between  it  and  the  ante-chamber,  the  form  of 
the  aute-chamber,  and  the  distance  to  the  great  step,  also  the  in- 
terior length,  breadth,  and  depth  of  the  much-abused  granite 
coffer. 

Co/er  Unit  Slock. 

Breadth,    j V  P"*  of  interior  length  of  coffer. 

Height,      i     „  „       depth        „ 

Thickness,  J     „  „       breadth     „ 

90  of  these  cover  one  side  of  coffer. 

90  „  bottom  „ 

450  exactly  fill  coffer. 
The  shape  of  this  block  is  regulated  by  the  unit  angle  in  its  top 
sides  and  face,  and  consequently  conaerree  the  Pyramid  facial 
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angle,  which  it  would  not  do  had  its  leng:th,  breadth,  or  thickncM 
been  different,  in  which  case  the  complement  of  these  blocha  would 
have  been  too  Urge  or  too  small  for  the  coffer  content. 

Record  of  Physical  FacU— Water-Level*. 

The  King's  Chamber  is  a  noted  index  of  these.  That  this  vaa 
intended  by  the  Pyramid  bnilder  seems  to  he  demonetiated  by 
the  fact  of  the  rock  on  which  the'Pyramid  stands  having  been 
scarped  down  to  the  level  of  the  Pyramid's  base,  so  as  to  procore 
a  horizontal  line  midway  between  the  external  physical  fact  to 
be  recorded,  and  the  internal  index  of  that  fact  contained  in  the 
King's  Chamber,  serving  as  it  did,  at  the  same  time,  astronomical 
purposes,  neither  of  which  would  have  held  good  had  the  rock  not 
been  so  scarped  down. 

These  water-levels  have  been  previously  indicated  by  other 
modes  than  those  by  which  they  are  now  illustrated.  It  will  be 
observed  that  the  circles  used  to  indicate  them  have  also  peculiar 
references  to  other  parte  of  the  Pyramid  besides  those  they  hear  to 
the  King's  Chamber.  One  marked  instance  may  he  noted  here. 
The  circle,  which  indicates  the  High  Nile-level,  touches  the  floor 
of  the  King's  Cbamber  in  the  centre,  and  also  indicates  the  angle 
of  the  floor  of  the  grand  gallery.  Befeience  may  also  be  made 
here  to  one  of  the  circles  used  in  the  construction  of  the  chambers 
and  passages,  it  being  of  a  very  marked  and  significant  character. 
This  circle  has  its  centre  in  the  Pyramid's  base,  in  the  point  where 
the  "direction  of  the  celestial  equator"  cuts  the  base,  its  radius  is 
the  prime  central  point  in  the  centre  of  the  grand  gallery,  and  in 
its  course  it  touches — lat,  The  mouth  of  the  entrance  passage ;  %d, 
The  step  leading  down  to  the  Queen's  Cbamber;  ^d.  The  "bottom 
of  well"  in  the  lower  part  of  descending  passage;  4<A,  Bounds 
the  Low  Nile-level;  and  SfA,  Where  it  cuts  the  lower  portion  of 
the  direction  of  the  celestial  equator,  the  High  Nile-level.  The 
difference  between  the  mean  Nile-level  and  the  mean  sea-level  is 
indicated  by  an  equilateral  triangle,  the  apex  of  which  is  in  the 
mean  sea-level,  and  the  base  the  mean  Nile-level,  the  length  of 
the  latter  being  contained  between  two  perpendiculars — the  first 
from  the  north  comer  of  the  Pyramid's  base,  the  second  from  the 
fint  remarkable  perpendicular  joint  in  the  entrance  passage. 
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Itidependent  Methods  of  Construcling  the  Great  Pyramid  Extenmihj. 

\»t.  Give  a  horizontal  lioe.  Bisect  it,  erect  perpendiculars  at 
both  ends  and  also  from  the  centre,  from  one  of  the  ends  throw  up 
the  Duit  angle  with  the  vertical,  and  through  the  point  where  the 
angle  cuts  the  opposite  perpendicular  draw  a  horizontal  line,  au 
ohiong  will  thus  be  formed,  the  dittgonal  of  which  ie  the  unit 
angle,  joid  the  top  of  the  central  perpendicular  with  the  lower 
comers  of  the  oblong,  and  the  Pyramid  is  complete. 

2d.  Giyen  a  vertical  lioe,  the  radius  of  a  circle,  at  right  angles, 
through  the  centre  of  circle,  draw  a  horizontal  line,  bisect  the 
vertical  line,  and  throw  down  the  unit  angle  with  the  vertical  from 
both  sides  of  the  vertical  at  ite  bisection,  through  the  points  where 
these  cut  the  horizontal  line,  join  the  extreme  end  of  the  radius, 
and  the  Pyramid  is  complete. 


The  Diagrams  eubmitted  to  the  Society  were  as  follow: — 

Diagram  No.  1. — Construction  of  the  Great  Pyramid  in  ita  ex- 
ternal angles,  its  chambers  and  passages  by  the  unit  angle,  and 
one-tenth  of  the  base,  on  a  given  horizontal  line. 

Diagram  No.  2,  one-sixteenth  of  the  full  size. — Sections  of  the 
King's  Chamber,  in  its  length,  and  also  in  its  breadth,  showing 
how  it  is  regulated  by  the  nnit  angle',  &c. 

Diagram  No.  3,  one-half  of  the  full  size. — Sections  of  the 
granite  coffer  in  its  length,  and  also  in  its  breadth,  showing  how  il 
is  regulated  by  the  unit  angle  and  conserves  the  Pyramid  facial 
angle. 

Ooffer  unit  block,  in  farther  illuutration  of  Diagram  No.  3. 

Diagram  No.  i,  one-sixteenth  of  the  full  size. — Section  of  the 
King's  Chamber  in  its  breadth,  the  ante-chamber,  great  step,  and 
south  end  of  grand  gallery,  showing  that  the  space  between  the 
King's  Chamber  and  ante-chamber,  the  form  of  the  ante-chamber 
itself,  and  the  distance  to  the  great  step,  are  all  regulated  by  the 
unit  angle;  showing  also  the  references  between  a  portion  of  the 
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cliambeTs  of  conBtniction  and  tlie  overlappingB  of  tbe  ^and 
gallery. 

Diagram  No.  5. — Independent  method  of  coDstractiDg  tbe  Great 
Pyramid  in  Ita  external  auglee  from  a  unit  angle  oblong, 

Dia^rum  No.  6. — Jolin  Tayloi'e  theory  of  tbe  reference  the 
Great  Pyramid  hears  to  tbe  circle,  with  Professor  C.  Fiazsi  Smyth's 
ampUGoation  of  the  same,  and  further  amplification  by  the  author. 


3.  On  the  Structure  of  Tubifex.    By  W.  C.  M'Intosh,  M.D. 

The  paper  congisled  of  a  detailed  account  of  the  external  form ; 
the  arrangement  of  the  body-cavity  and  its  walls;  the  perivisceral 
space  and  corpuscles;  the  digestive,  oircnlatory,  and  generative 
systems. 

It  was  specially  mentioned,  in  regard  to  tbe  perivisceral  cor- 
puscles, that  the  author  was  not  at  all  inclined  to  think  that  they 
originated  from  the  glandular  fatty  coating  of  the  digestive  tract 
and  tbe  dorsal  blood-vessel.  Tbe  corpuscles  seem  rather  to  be  the 
product  of  the  perivisceral  cavity  itself  and  its  special  (free)  con- 
tents. This  view  requires  no  stretch  of  ordinary  physiological 
principles,  and  is  quite  in  keeping  with  what  is  found  in  other 
groups.  In  the  Nemerteans,  for  instance,  a  complex  corpaaculat^d 
fluid  is  produced  within  a  closed  chamber  with  smooth  walls. 

The  following  Gentlemen  were  elected  Fellows  of  -the 
Society : — 

jAitBS  SiHB,  Esq. 

TbUUAB  flABVBT,  LL.D. 

JoHK  YonKo  Buchanan,  M.A. 

JoflN  HoNTEB,  M.A„  Belfaat, 

The  Bight  Hon.  The  Lord  Jostick-Cijiek. 

The  Hon.  Lobd  Oiffobd. 
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Monday,  l&th  May  187U. 

Dr  CHRISTISON,  Preeident,  in  the  Chair. 

Od  taking  the  chair  the  President  alluded  to  the  loss 
which  the  Society  had  sustained  b;  the  death  of  Sir  James 
Y.  Simpson,  Bart. 

The  following  Communicatione  were  read : — 

].  Primitive  Affinity  between  the  Classical  and  the  Low 

German  Langut^s.    By  the  Hon.  Lord  Neaves. 

{Ahttract.) 

In  this  paper  the  author  adverted  to  the  limited  attention  that 
was  paid  in  this  conntry  to  comparative  philology,  aod  noticed 
the  principlea  it  bad  developed  and  the  progress  it  had  made  else- 
where of  late  years. 

In  illuBttation  of  the  results  thus  attained  in  the  Aryan  or  Indo- 
Gennanic  langu^es,  he  took  as  familiar  examples  the  affinities 
that  could  be  traced  between  the  Latin  and  the  Old  English  tongues, 
viewing  the  Latin  as  a  type  of  the  earlier  branches  of  the  family, 
including  the  Greek  and  Indian ;  and  the  English  as  a  type  of  a 
later  branch,  consisting  chiefly  of  the  Low  (rerman  dialects.  The 
affinities  referred  to  were  not  those  which  connected  Latin  with 
EngUsh  through  the  romance  languages,  but  those  which  subsisted 
between  Latin  and  vernacular  English,  and  which  must  have  arisen 
from  a  prehistoric  identity  or  connection. 

The  chief  law  regulating  these  affinities  was  what  is  commonly 
called  Grimm's  law,  but  which  is  subject  to  various  limitations  and 
exceptions. 

The  affinities  between  words  in  cognate  languages  which  have 
had  no  hiBtoric  connection  are  to  be  found  out — Ist,  by  studying 
the  general  law  of  letter-change  prevailing  between  the  primary 
and  secondary  branches  of  the  family ;  and  2d,  by  finding  out  the 
peculiarities  or  idiosyncrasies  of  the  individual  languages  sought 
to  be  compared;  for  each  language  has  a  character  of  its  own,  and 
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both  LatiD  and  Englieb  Lave  strong  peculiarities  distingaiehiiig 
them  from  other  languages,  vhich  help  to  conceal  cognate  wonU 
from  each  other,  and  which  mtiEt  be  maetered  before  the  double 
disguise  can  be  seen  through. 

He  exempiiSed  these  views  by  detailed  instances,  and  concluded 
hj  urging  that  all  nations  of  .the  Aryan  race  ought  to  be  i^;arded 
as  susceptible  of  the  highest  culture,  and  that  the  good  hopes 
miglit  be  entertained  of  their  being  all  raised  to  as  elevated  a  stale 
of  Christian  civilisation  as  the  best  of  them  had  attained. 


2.  On  the  Gienetic  Succession  of  Zooids  in  the  IlydroiOa. 
By  Professor  Allman. 

In  this  communication  an  attempt  was  made  to  express  by 
means  of  formula  the  various  modifications  presented  by  the  life 
series  of  the  Bydroida.  It  was  also  shown  that  there  existed 
among  the  EydroiJa  both  centripetal  and  centrifugal  forms  of 
development.  These  were  compared  with  one  another,  and  numer- 
ous analogies  between  the  hydroid  gonosome  and  the  inflorescence 
of  plants  were  dcmonslrateil. 

3.  On  Green's  and  other  Allied  Theorems.    By  Prof.  Tait. 

{AhslTact.) 

In  this  paper  an  attempt  is  made  to  supply,  at  least  in  part,  what 
the  author  has  long  felt  as  a  want  in  the  beautiful  system  of 
quaternions,  so  far  as  it  has  yet  been  developed.  To  apply  it  to 
general  inquiries  connected  with  electricity,  fluid  motion,  Ac,  we 
require  to  have  means  of  comparing  quaternion-integrals  taken 
over  a  closed  surface  with  others  extended  through  the  enclosed 
space — and  of  comparing  integrals  taken  over  a  non-closed  surface 
with  others  extended  round  its  boundary.  The  author  recently 
found  that  he  had  already,  in  the  Quarterly  Math.  Journal,  and  in 
the  Ptoc.  R.  a.  E.,  furnished  the  means  of  attacking  the  problem. 

By  very  simple  considerations  it  is  established  that 
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where  v  is  Ham il ton's  operator, 

i^  +  i  +ki 

dx         dy         dz  ' 

•r-  is  any  vector-function  of  the  position  of  a  point,  dt  an  element 
of  volume,  d»  an  element  of  surface,  v  the  normal  at  t'^i  and  the 
integrals  are  extended  respectively  through  the  content,  and  over 
the  bounding  surface,  of  a.  closed  space  2. 

From  this  equation  Green's  Theorem  is  deduced  in  the  form 
fffS.V^vV,di  =  -  fff-p.v'Vdi  ■{■//¥, ^vVVvd», 

Some  sections  are  devoted  to  the  representation  of 

(where  3  is  any  qnaternion  whatever)  by  a  surface-integral,  and 
the  arbitrary  part  of  the  solution  in  the  equation 

where  r  is  any  vector,  is  explained. 

It  is  next  shown  that,  if  p  be  the  vector  of  a  point,  ir-and  v  as 
before,  we  have  the  equation 

/StrJp  =  _/7"S.fo-DK.rfs, 

expressing  an  integral  taken  over  a  limited  and  non-closed  surface 
by  another  taken  round  its  curvilinear  boundary.  That  some  such 
representation  is  possible  is  obvious  from  the  fundamental  theorem 
above,  which  shows  that  for  a  closed  surface 

^S.r  rTiv.<h  =///Sv'<r'di  =  0, 
and  therefore  the  surface  integral  must  have  the  same  value  (with 
a  mere  change  of  sign  depending  on  the  difference  between  ouUide 
and  inside)  for  the  two  parts  into  which  the  surface  is  divided  hy 
any  closed  curve  drawn  upon  it. 
Other  theorems  of  a  similar  character  are  given,  sucb  as 
/V<rrfp  =  -//dsY.(Y.VuV)T, 
and 

fPdp^f/dgX.VyV'P, 

which,  in  fact,  contains  the  two  preceding. 
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4.  Proposed  Method  of  ascertainiDg  the  Temperature  of 
FalliDg  Rain.  By  Thoinaa  Stevenson,  F.R.S.E.,  Civil 
Engineer. 

A  friend  iDformed  me  eoiae  time  ago  that  tbe  late  Principal  J. 
D.  Foibee  had  often  noticed  that  a  long  continuance  of  rain 
resulted  in  a  track  of  cold  weather.  Principal  Forbes  attributed 
this  fact  to  the  rain  having  a  lower  temperature  than  the  atmo- 
sphere through  which  it  fell.  It  does  not  appear,  however,  that  he 
made  any  observations  to  determine  tbe  truth  of  his  hypothesis,  and 
as  the  subject  is  of  considerable  importance  in  other  meteorological 
questions,  it  occnned  to  me  that  a  simple  iDetrument  could  bo 
made  for  ascertaining  the  temperature  of  falling  rain.  This  in- 
strument, a  rough  model  of  tbe  funnel  of  which  was  lately  shown 
at  a  meeting  of  tbe  Scottish  Meteorological  Society,  is  repre- 
sented in  the  accompanying  diagram,  in  which  A  B  C  is  a 
conical  funnel  of  thin  glass,  terminating  in  a  small  tube  deep 
enough  to  contain  tbe  bulb  of  a  thermo- 
meter, and  recurved  so  as  to  form  an  off-let 
or  waster.  ADDA  represents  a  box 
of  wood  into  which  tbe  glass  funnel  is 
inserted,  tbe  space  between  the  glass  and 
the  wood  being  carefully  filled  with  saw- 
dust or  any  other  bad  conductor  of  heat. 
Tbe  rim  of  tbe  funnel  should  he  bent  over 
the  upper  edges  of  the  bos,  so  as  to  prevent 
the  possibility  of  rain  lodging  iteelf  among 
the  sawdust.*  The  rain-dropa  intercepted  by  tbe  funnel  will  pass 
off  through  tbe  bottom  of  the  box  by  tbe  lube  C. 

By  this  or  some  such  simple  arrangement  the  temperature  of  any 
heavy  fall  of  rain  may  be  ascertained  with  tolerable  accuracy.  It 
is,  of  course,  necessary  that  a  dry  bulb  thermometer,  properly  pro- 
tected by  a  louvre  boarded  box,  should  be  observed  Bimuttaneoaaly 
with  the  rain  thermometer. 
The  difTereuce  of  temperature  between  tbe  air  and  raiu  could 

*  It  ma;  be  funnd  better  to  carry  the  tube,  at  the  bgcodJ  curve,  liorizoDtolIy 
through  the  Bide  of  the  box  instead  of  downwards. 
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also  be  ascertained  by  means  of  an  instrument  on  the  principle  of 
Leslie's  differential  thermometer,  one  bnib  of  which  would  be  placed 
at  the  bottom  of  the  glass  funnel,  while  the  other  wonld  be  pro- 
tected from  the  rain.  In  this  way  the  differences  of  temperature 
Tould  be  constantly  shown  by  means  of  a  single  inetrument. 

The  following  Gentlemen  were  elected  Fellows  of  the 
Society : — 

Jambs  Watbos,  Eiq. 

TLo  Hon.  Lord  Mackbhzik. 


Monday,  Glk  June  1870. 

Db  CHRISTISON,  President,  in  tlie  Chair. 

The  Secretary  read  the  followiog  letter  from  Professor  W. 
J.  Macqiiorn  Bankine  : — 

Diagrams  of  Forces  in  FitAUEwoRK. 
To  the  Secretary  of  the  Soyal  Society,  Edinburgh. 

Sib, — A^  Ur  Clerk  Maxwell,  in  a  paper  lately  published  in  the 
Transactions  of  this  Society,  has  done  me  the  honour  to  refer  to 
me  as  having  been  the  first  to  show  how  to  combine  in  one  diagram 
a  system  of  lines  representing  the  directions  and  magnitudes  of  all 
the  forces  acting  in  a  given  frame,  I  wish  to  put  on  record,  in  the 
Proceedings  of  the  Society,  the  time  and  manner  of  my  first  publi- 
cation of  the  method  in  question.  It  was  in  the  year  1856,  in  a 
lithographed  synopsis  of  lectures  which  I  delivered  in  the  Univer- 
sity of  Glasgow,  entitled  "Mecbanical  Laws,  Formuln,  and 
Tables."  Copies  of  that  synopsis  were  distributed  to  the  students 
of  my  class,  and  to  a  few  men  of  science. 

I  beg  leave  herewith  to  send  for  presentation  to  the  Society  a 
copy  of  the  first  part  of  that  synopsis,  and  regret  that  at  present  I 
am  unable  to  make  up  a  complete  copy.  The  construction  of 
diagrams  of  forces  for  unbraced  frames  is  shown  at  p.  7,  and  for 
braced  frames  at  p.  8. 

Tlie  next  publication  of  the  method  took  place  in  1857,  in  the 
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article  "  UechaDics  A|iplied,"  or  the  "  EDcyclupiedia  Britannlca," 
eighth  edition;  and  tbe  next  again  in  1856,  in  a  work  of  mine 
entitled  "  A  Manual  of  Applied  Mechaoics." 

Ur  Clerk  Maxwell  made  a  material  improvement  in  the  mode  of 
applying  the  method  to  braced  frames,  which  he  published  in  the 
"  Pbilodopliical  Magazine  "  for  1866,  and  deacribed  to  the  Dundee 
meeting  of  the  British  Association. — I  am,  Sir,  your  most  obedient 
servant,  W.  J.  Macqoobh  Ranhinb. 

Olasoow,  2d  Jwu  tSTa. 

The  following  Coraraunicatione  were  read  :— 

1.  On  Spectra  formed  by  Doubly  Refracting  Crystals  in 
Polarised  Light.    By  Francis  Deas,  Esq.,  LL.B.,  F.R.S.E. 

The  instrument  used  in  the  ezperimenis  forming  the  subject  of 
this  paper  was  a  spectrum  microscope,  to  which  a  polarising  appara- 
tus is  attached,  consisting  of  two  Nicol'a  prisms,  each  of  which  is 
capable  of  being  turned  through  any  required  number  of  degrees. 

The  first  part  of  the  paper  relates  to  the  spectra  obtained  when 
one  or  more  thin  films  of  mica  or  selenite  are  interposed  between 
the  polariser  and  the  dispersion  prisms,  the  light  being  subse- 
quently analysed. 

The  method  employed  was,  having  first  determined  the  axes  of 
the  films,  to  place  them  on  the  stage  of  the  instrument  which  is 
rotatory,  and  to  adjust  them  at  various  angles  to  the  plane  of 
polarisation. 

The  general  appearance  presented,  may  be  described  as  being  a 
more  or  lesa  continuoua  spectrum,  interrupted  by  one  oi  more  well- 
defined  black  bands,  not  unlike  tbe  ordinary  absorption  bands  pro- 
<luced  by  many  chemical  substances. 

The  bands  have  in  many  cases  a  curious  movement  along  tbe 
leugth  of  the  spectrum  as  the  analyser  is  turned.  Sometimes  a 
band  may  be  observed  to  split  into  two  halves,  which  move  in  op- 
posite directions,  and  unite  with  other  bands  which  advance  to 
meet  them. 

In  all  cases  a  eet  of  complementary  bands  is  obtained  wben  the 
I'Une  of  analyealion  has  been  turned  through  00°  to  that  of  polar- 
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isatioD.  ThepositionB  and  reletiTe  movements  of  the  bands  <1e- 
pend  partly  on  the  thickneBS  of  the  filmti,  p&rtly  on  the  inclination 
of  their  azea  to  one  another,  and  to  the  planes  of  polarisation  bb 
detailed  in  tb«  paper. 

Curious  varieties  of  the  mOTements  are  obtained  by  circularly 
polarising  the  light  before  or  after  its  passage  through  the  film. 

Very  beautiful  results  were  further  obtained  by  substituting  a 
double  image  prism  as  tbe  analyser.  When  the  spectra  thus  ob- 
tained are  superposed,  the  bands  are  no  longer  black,  but  coloured, 
each  band  in  the  one  spectrum  being  of  the  colour  of  tbat  part  of 
the  other  spectrum  on  which  it  is  superposed,  wbile  the  adjacent 
colours  are  those  an'sing.from  the  blending  of  tbe  two  spectra. 

To  obtain  these  effects  in  perfection,  however,  certain  adjust- 
ments of  the  apparatus  must  be  attended  to,  which  will  be  found 
described  in  the  paper. 

The  second  part  of  the  paper  relates  to  the  effects  obtained 
when  a  section  of  a  doubly  refracting  crystal,  cut  perpendicular  to 
its  axis,  so  as  to  give  the  well-knovn  systems  of  coloured  rings,  is 
substituted  for  the  mica  or  selenite  in  tbe  former  experiments. 

Tbe  crystal  must  in  this  case  be  placed,  not  upon  the  stage,  but 
immediately  over  the  eye  lens  of  the  instrnment,  and  between  it 
and  the  analyser.  The  entire  length  of  the  spectrum  is  now  seen 
intersected  by  a  system  of  black  arcs,  accompanied  by  two  or  more 
brushes,  which  are  black  or  coloured  according  to  the  position  of 
the  analyser. 

Interesting  effects  are  produced  upon  tbe  rings  by  interposing 
films  of  mica  of  different  thicknesses,  so  as  to  polarise  the  light 
either  circularly  or  elliptically ;  the  mode  in  which  the  black  and 
coloured  rings  alternate  and  change  places  during  the  revolution  of 
the  analyser  depending  on  the  thickness  of  the  film  used. 

The  effect  of  the  rings,  when  viewed  through  a  double  image 
prism,  is  strikingly  beautiful.  Exquisite  patterns  resembling  tessa- 
lated  pavement,  chain  armour,  &c.,  may  thus,  with  a  little  inge- 
nuity in  tlie  mode  of  arrangement,  be  produced  by  the  interlacing 
systems  of  rings. 
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2.  On  the  Heat  Disengaged  in  the  Combination  of  Acide 

and  Bases.  Second  Memoir.  By  Thomas  Andrews,  M.D., 
'  F.E.S.,  Hon.  F.R.S.E. 

{Ahatraet:) 

In  the  beginning  of  this  paper  the  author  recapitulates  the  five 
fundamental  laws  of  the  heat  of  combinatioD,  which  he  had  de- 
duced from  hia  prenoos  researches,  and  which  form  the  subject  of 
several  memoirs  published  in  the  Transactions  of  the  Royal  Irish 
Academy  and  of  the  Royal  Society  of  London,  from  1841  to  1848. 
They  are  as  follows : — 

Law  1. — The  heat  disengaged  in  the  union  of  acids  and  bases  is 
determined  by  the  base,  and  not  by  the  acid ;  the  same  base  pro- 
ducing, when  combined  with  an  equivalent  of  different  acids,  nearly 
the  same  quantity  of  heat ;  but  different  bases,  different  quantities. 

Law  2. — When  a  neutral  is  converted  into  an  acid  salt  by  com- 
bining with  one  or  more  atoms  of  acid,  no  cbango  of  temperature 
occurs. 

Law  3. — When  a  neutral  is  converted  into  a  basic  salt  by  com- 
bining with  an  additional  proportion  of  base,  the  combination  is 
accompanied  with  the  evolution  of  beat. 

Law  4. — "When  one  base  displaces  another  from  any  of  its 
neutral  combinations,  the  heat  evolved  or  abstracted  is  always  the 
same,  whatever  the  acid  element  may  be,  provided  the  bases  are  the 

Law  5. — When  an  equivalent  of  one  and  the  same  metal  re- 
places another  in  a  solution  of  any  of  its  salts  of  the  same  order, 
the  heat  disengaged  is  always  the  same,  but  a  change  in  either  of 
the  metals  produces  a  different  disengagement  of  heat. 

The  concluding  part  of  the  elaborate  memoir  of  MM.  Favro  and 
Silbermann,  on  the  beat  diseugaged  in  chemical  actions,  which  ap- 
peared a  few  years  later,  is  chiefly  devoted  to  a  repetition  of  the 
experiments  already  published  by  the  author.  They  state  that 
they  consider  the  fourth  law,  which  asserts  the  equality  of  thermal 
effect  in  basic  substitutions,  to  be  fully  established ;  but  they 
dissent  from  what  they  consider  to  be  the  enunciation  of  the  first 
law,  and  infer  from  their  own  experiments  that  the  organic  acids — 
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ozalio,  acetic,  &o, — disengage  senaibly  less  heat  in  combiniDg  with 
the  bases  than  the  nitrio,  bjdrochlorio,  and  other  mineral  acids. 
In  his  first  memoir  (published  in  1S41)  the  author  of  this  com^ 
mnnication  had,  on  the  contrary,  found  that  the  ox&lio  acid  dis- 
engages quite  as  much  heat  as  the  nitric  and  bydrocbloiic  acids, 
when  it  comhiaes  with  the  bases,  and  this  property  of  oxalic  acid 
he  always  regarded  oe  tba  key  to  his  whole  inrestigatiuns  on  this 
subject.  He  therefore  considered  it  important  to  institute  a  new 
set  of  experiments  in  order  to  settle  the  qnestion.  These  experi- 
ments, which  were  performed  with  great  care,  and  with  accurale 
instruments,  are  fully  deBcribed  in  the  present  communication. 
The  results  confirm  the  general  accuracy  of  his  original  experi- 
ments of  1841.  They  show  that  oxalic  acid,  far  from  disengaging 
sensibly  less  heat  than  the  hydrochloric  and  nitric  acids  in  com- 
bining with  the  bases,  actually  disengages  a  little  more  heat  than 
either  of  those  acids,  when  it  combines  with  potash,  soda,  or 
ammonia.  The  following  extract  from  a  table  given  in  the  pre- 
sent communication  will  illustrate  this  point : — 

Acid.  Potash.  Sad*.  Ammonii. 

Oxalic,        .  .  S-'OSS  S-OiO  2°-648 

Hydrochloric,  .  3°021  2°982  2''-623 

Nitric,         .  .  2°-993  2''-929  2''-56G 

The  original  experiments  of  the  author,  according  to  which 
oxalic  acid  stands,  as  regards  thermal  action,  in  the  same  rank  as 
the  phosphoric,  nitric,  arsenic,  hydrochlorio,  hydriodio,  boracic,  and 
other  mineral  acids  (with  the  exception  of  the  sulphuric  acid),  are 
thus  completely  confirmed.  The  new  experiments  also  agree  with 
the  former  ones  in  showing  that  sulphuric  acid  disengages  about 
|th  more  heat,  and  a  group  of  acids  comprising  the  tartaric,  citric, 
and  succinic  acids,  about  ,'^th  less  heat  than  the  mean  of  the  other 
acids.  The  results  are  fully  discussed  in  the  present  memoir,  and 
the  influence  of  extraneous  circumstances  consideied,  which  in  this, 
as  in  other  similar  physical  inquiries,  disturb  in  all  oases  to  a  cer- 
tain extent,  and  in  some  cases  considerably,  the  experimental  in- 
dications, and  render  tbem  only  first  approximations  to  the  general 
laws  they  are  designed  to  illustrate. 
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3.  Note  on  Professor  Bain'sTheoryof  Euclid  1.4.  ByWm. 
BobertBOD  Smith,  M.A.,  Assistant  to  the  Frofeesor  of 
Kataral  Philosophy.    Communicated  b;  Professor  Tait. 

In  a  paper  communicated  to  this  Society  last  Bession,  I  pointed 
out  that  the  proof  of  Enc,  I.  5,  given  hy  Mr  Mill,  is  unsound; 
eodeaTouring,  at  the  eame  time,  to  ehow  that  tliis  ia  qo  mere 
accident,  but  that  it  is  impossible  to  give  a  mathematically  correct 
analyais  of  the  proceseea  of  Synthetic  Geometry  on  any  theory 
that  holds  Ggurea  to  be  merely  illnstrative,  and  does  not  admit 
that  intuition  in  the  Kantian  sense— i.e.,  actual  looking  at  a  single 
engraved  or  imaginary  figure — may  be  a  neceeeary  and  sufficient 
step  in  a  demonstration  perfectly  general.  I  now  venture  to  draw 
the  attention  of  the  Society  to  the  confirmation  which  I  conceive 
that  this  argument  derives  from  the  way  in  which  Euc.  I.  4  is 
treated  by  Professor  Bain  in  his  recent  "  Logic  " — a  book  which, 
on  the  whole,  ia  based  on  Mr  Mill's  principles,  and  which  is  mainly 
original  in  an  attempt,  which  I  cannot  regard  as  felicitous,  to 
bring  these  principles  into  closer  contact  with  the  special  sciences, 
especially  with  Fbyaics  and  Mathematics. 

It  will  be  remembered  that  Mr  Mill,  undertaking  to  demonstrate 
Euc.  I.  5  from  first  principles)  has  to  supply,  in  the  course  of  his 
proof,  a  demonstration  of  Euc.  I.  4,  and  it  ia  in  the  attempt  to  give 
to  this  process  the  form  of  syllogistic  inference  from  Euclid's 
axioms  that  he  errs.  Professor  Bain  does  not  attempt  to  defend 
the  blunder  of  his  predecessor.  He  admits  that  Euclid's  proof 
cannot  be  reduced  to  a  chain  of  syllogisma.  But,  instead  of  Bar- 
rendering  Mr  Mill's  theory  of  mathematical  reasoning,  be  concludes 
that  Euclid  has  not  demonstrated  his  proposition — that  the  super- 
position which  he  enjoins  is  only  an  experiment,  and  that  "  if  his 
readers  had  not  made  actual  experiments  of  the  kind  indicated, 
they  could  not  be  convinced  by  the  reasoning  in  the  demonstra- 
tion."' 

Now  I  believe,  and  in  my  former  paper  expressly  pointed  out, 

that  the  position  that  Euc.  I.  4  is  really  an  inductive  truth,  and 

that  the  usual  demonstration  ia  not  in  itself  convincing,  is  the  only 

*  Logic,  vol.  ii.  p.  217. 
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gToand  that  remains  to  &Ir  Mill  and  his  adherents.  So  far,  then,  I 
am  confirmed  by  Profeseoi  Bain :  it  lemaina  only  to  show  that  this 
new  poaition  is  mathematioally  as  untenable  as  that  from  which 
Mr  Mill  has  been  dislodged.  If  Professor  Bain  grants  that  the 
proof  of  Enc.  I.  4  is  not  by  ayllogiam  from  axioms — if,  again, 
mathematically  it  is  plain  that  there  is  none  the  less  a  real  proof, 
not  merely  an  induction — we  shall  have  gone  far  to  eBtablish  the 
validity  of  proof  by  intuitiuo. 

Professor  Bain  tells  us  that  Euclid,  while  professedly  going 
through  a  process  of  pure  deduction,  requiree  us  to  conceive  an 
experimental  proof.  There  is  surely  an  ambiguity  here.  Does  Mr 
Bain  mean  that  Euclid  merely  calls  to  our  mind  former  concrete 
experiments  with  triangles  of  card-board  or  paper,  for  these  alone 
are  actual  and  concrete  to  onr  author?  Does  Euclid's  "experi- 
ment" agree  with  the  descriptions  of  experiments  in  books  of 
Physics,  save  only  in  this,  that  we  have  all  made  Euclid's  experi- 
meut  before?  Clearly  not.  In  picturing  to  myself  an  experi- 
mental proof  in  the  usual  sense,  I  imagine  meutally,  or  with  the 
help  of  a  diagram,  certain  arrangements,  and  then  I  am  told  to 
imagine  a  certain  result  following — or  rather,  I  am  told  to  believe 
this  result,  for  to  picture  it  is  quite  superflous  and  often  impossible. 
Euclid,  on  the  other  hand,  tells  me  to  superpose  ideally  the  point 
A  on  C,  the  Hue  AB  on  CD,  and  so  forth,  aud  then  I  do  not  require 
to  be  told  that  the  coincidence  of  the  whole  triangles  follows.  I 
have  no  choice  to  imagine  coincidence  or  n  on -coincidence.  I  see 
that  it  follows,  and  that  quite  apart  from  previous  experiment. 

Professor  Bain  allows  the  possibility  of  ideal  experiments  on 
mathematical  forms.*  I  presume,  therefore,  that  he  will  not  deny 
that  the  intelligent  reader  of  our  proposition  does,  as  he  reads, 
make  a  valid  experiment  in  favour  of  the  proposition.  But  if  this 
be  so,  where  is  the  deception  in  Euclid's  proof,  and  what  is  the 
necessity  of  supplementing  that  proof  by  further  "  ideal "  or 
"actual  experiments"?  The  course  of  Euclid's  argument  shows 
that  the  two  triangles  are  not  only  equal,  hut  equal  in  virtue  of  the 
way  in  which  they  have  been  constructed,  viz.,  the  equality  of  the 
two  sides  and  the  included  angle.  The  fact  that  the  proof  is  not 
Byllogistic  does  not  make  it  any  the  less  a  case  of  that  parity  of 
•  Logic,  vol.  i.  p.  226. 
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reaeoDing  which  FiofesEor  BoiD,  id  anotber  connection,  admits  to 
be  not  induction  bat  demonstration.* 

Our  author  drawa  a  btoad  line  between  the  fourth  proposition, 
with  its  "appeal  to  espeiiment  or  trial  in  the  coociete,"  and  the 
mass  of  geometrical  proofs  in  which  the  figure  is  referred  to  for 
vetiGcation  only,  "the  effect  of  every  construction  and  every  step 
of  reasoning  being  judged  of  by  actual  inspection."  But  if  the  in- 
spection follows  the  construction,  what  is  the  construction  itself? 
A  construction  is  not  proved  by  syllogism  from  axioms.  It  is 
necessarily  drawn,  and  in  the  drawing  (mental  or  other)  looked  at. 
Every  construction  involves  a  figure  and  an  intuition,  which,  while 
it  looks  at  the  individual  figure,  sees  in  it  the  general  truth.f  Mr 
Bain  grants  that  of  such  consequences  as  that  the  diagonal  of  a 
parallelogram  divides  it  into  two  triangles,  Euclid  offers  no  other 
proof  than  an  appeal  to  the  eye.;]:  lii  f^t|  ^o  other  proof  can  be 
offered.  Yet  surely  it  will  not  be  asserted  that  this  too  is  an 
induction.  In  one  word,  if  do  proposition  is  fairly  demonstrated 
where  it  is  essential  to  look  at  the  figure,  there  is  no  sound  de- 
monstration in  synthetic  geometry. 

Finally,  Professor  Bain  himself  seems  not  quite  satisfied  as  to 
the  inductive  nature  of  £uc.  I.  i.  "  The  proof,"  he  says,  "  rests 
solely  on  definitions,"  and  hence  "  the  proposition  cannot  be  real — 
the  subject  and  predicate  must  be  identical."  Surely  an  identical 
proposition  is  not  an  induction  I  And  surely,  too,  the  proof  rests 
not  on  definitions  merely,  but  on  definitions  and  the  use  of  the 
figure  I  But  I  do  not  think  that  Professor  Bain  means  to  speak 
here  in  strict  logical  terms,  for  he  straightway  adds  in  explana- 
tion, "  The  proposition  must,  in  fact,  be  a  mere  equivalent  of  the 
notions  of  line,  angle,  aniface,  equality — a  fact  apparent  in  the 
operation  of  understanding  these  notions.  It  is  implicated  in  the 
experience  requisite  for  mastering  the  indefinable  elements  of 
geometry,  and  should  he  rested  purely  on  the  basis  of  experience. " 
We  should  have  known  better  what  this  sentence  means,  if  the 
author  bad  adopted  here  the  distinction  between  synthetic  and 
analytic  judgments.     He  cannot  mean  that  a  truth  that  is  an  in- 

*  Logic,  vol,  ii.  p.  6. 
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dnction,  and  reste  oq  experieoce,  is  an  analytic  judgment,  that  it 
can  be  reached  by  a  purely  formal  dividing  and  compounding  of 
the  definitions  of  terms.  Such  a  propoaition  could  be  ebown  to  be 
true  without  any  figure  or  any  experiment.  Yet  the  propogition 
U,  we  are  told,  involved  in  the  notions;  we  cannot  know  what 
lines,  angles,  &c.,  are  without  knowing  this  too.  If  this  means 
anything,  it  means  that  Euc.  1. 4  is  a  syDthetic  judgment  apriim  ; 
and  that,  after  all,  Eant  and  the  mathematicians  are  right,  and  Mr 
Mill  and  the  empirical  logicians  wrong. 

4.  A  Simple  Mode  of  Approximating  to  the  Wave-Length 
of  Light  By  W.  Leitch,  Assistant  to  the  Professor  of 
Natural  Philosophy  in  the  University  of  Glasgow.  Com- 
manicated  by  Professor  Tait 

The  fundamental  phenomenon  or  fact  of  the  science  of  optics  is 
vision,  that  is,  the  perception  we  have  of  distant  objects  through 
the  eye,  or  by  the  sense  of  eight.  That  vision  is  an  effect  trans- 
mitted to  the  mind  by  the  object  seen,  is  a  necessary  truth,  involved 
Id  the  definition  of  the  term,  and  independent  of  all  theoretical 
views  beyond  the  consciouBness  of  that  perception. 

Common  observation  informs  us  that  vision  cannot  take  place 
without  that  which  we  call  light,  and  that  light  itself  cannot  exist 
without  the  presence  of  a  self-luminous  body.  Everyone  has  a 
distinct  conception  of  the  meaning  of  the  terms  light  and  luminous; 
their  defiuition  according  to  that  conception  would  be  a  verbal 
exercise  of  no  utility  at  present. 

Next  may  be  placed  the  fact,  first  revealed  by  astronomical  ob- 
servations, and  afterwards  verified  by  other  experiments,  that  light  la 
not  transmitted  instantaneously, — in  other  words,  that  some  portion 
of  time  elapses  between  the  occurrence  of  a  visible  phenomenon 
and  our  perception  of  it  by  the  eye,  such  as,  for  simplicity,  the 
passage  of  an  electric  spark,  or  the  occiiltation  of  a  star  by  the  dark 
body  of  the  moon  or  of  a  planet-,  and  that  the  portion  of  time  in 
question  is  in  direct  proportion  to  the  distance  of  the  object  seen 
from  the  eye,  the  intervening  medium  being  tbe  same. 

The  progressive  motion  of  light  from  the  object  seen  to  the  eye 
being  established,  and  the  suppoeitlon  that  it  is  a  substance  emanat- 
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JDg  from  the  object  with  the  velocity  fonnd,  being  seen  tobein- 
consiateut  with  tlie  phenomeDa  of  JtiterfereDce,  we  can  scarcely  be 
said  to  make  use  of  a  hypothesis  when  we  conclude  that  it  is  an 
action  transmitted  through  a  medium  bodily  at  rest,  it  may  be,  but 
whose  component  molecules  act  upon  one  another  in  such  a  way  aa 
to  propagate  the  effect  in  qnestion.  By  the  term  light  we  mean 
this  action  considered  as  a  physical  fact,  separate  from  oar  percep- 
tion of  it  by  the  eye,  and  independent  of  its  anival  or  non-artival 
at  our  organs  of  vision. 

The  propagation  of  light  from  a  luminons  point  with  the  same 
velocity  in  all  directions  (in  a  homogeneona  medium),  implies  that 
the  action  originating  at  any  instant  in  the  source  is  diffused  over 
a  spherical  surface  whose  radius,  measured  from  the  luminous  point 
as  centre,  constantly  increases  at  the  rate  of  the  velocity  of  light ; 
and  the  constancy  with  which  this  propagation  is  kept  up,  implies 
that  there  are  an  infinite  number  of  such  spherical  surfaces,  over 
each  of  which  is  difTnaed  an  action  which  originated  in  the  source  at 
a  preceding  instant.  Next  the  question  presents  itself  whether  all 
these  actions  originating  in  the  source  at  successive  instants,  and 
occupying  successive  spherical  surfaces,  are  similar  and  equivalent. 
The  phenomena  of  interference  answer,  that  if  we  imagine  a  series 
of  these  spherical  surfaces  separated  from  each  other  by  a  very 
small  constant  distance  k,  the  action  propagated  upon  each  of  these 
surfaces  is  the  bame,  and  that  midway  between  each  pair  of  the 
series  is  a  surface  propagating  an  action  capable  of  destroying  that 
of  its  neighbour  of  the  first  series,  from  which  it  is  separated  by  the 
constant  distance  ^  .    Now,  that  is  equivalent  to  saying  that  each 

thin  spherical  shell  of  the  medium  through  which  the  action  is 
transmitted,  vibrates  between  opposite  phases,  and  as  it  is  im- 
possible for  US  to  conceive  or  believe  that  any  finite  change  can 
take  place  in  the  material  world  that  does  not  involve  an  infinite 
number  of  intermediate  infinitesimal  changes,  we  are  authorised  to 
say  that  light  consists  in  periodic  vibrations,  propagated  with  very 
great  velocity,  and  decomposable  in  an  infinite  number  of  nays 
into  half  vibrations  exactly  contrary  to  one  another. 

Thus  far  we  have  arrived  without  having  recourse  to  any  hypo- 
thesis, having  assnmed  nothing  regarding  the  nature  of  these 
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TibratioDH,  the  word  vibration  being  understooi)  in  its  most  general 
Beneo  as  meaning  oscillation  between  opposite  phases  or  conditious, 
a  fact  revealed  to  us  by  the  phenomena  of  interference.  Even  at 
this  point,  however,  the  hypothesis  which  forms  the  basis  of  tlie 
uudulatory  theory  cannot  fail  to  present  itself  to  our  minds,  the 
hypothetical  part  being  not  so  much  the  existence  of  a  medium,  or 
the  propagation  of  vibrations,  but  the  nature  attributed  to  these 
vibrations,  viz.,  that  they  consist  in  mere  mechanical  action,  in- 
volving nothingbnt  variations  of  pressure  and  displacement  among 
the  particles  of  which  the  medium  is  composed,  and  propagated 
according  to  the  same  laws  as  in  ponderable  media  with  which  we 
are  more  familiar.  The  suspension  of  interfering  vibrations  \v 
interpreted  in  the  simplest  manner  as  the  result  of  the  simultaneous 
application  of  equal  and  opposite  forces,  or  according  to  a  fiction 
easily  understood,  the  superposition  of  equal  and  opposite  motions, 
and  their  reappearance  after  separation  as  the  natural  consequence 
of  the  indestructibility  of  force.  Moreover,  our  experience  does 
not  enable  us  to  conceive  any  other  kind  of  vibrations  decomposable 
in  the  same  manner,  though  the  phenomenon  of  electrolysis  seems 
to  indicate  the  propagation  of  a  periodic  oscillation  between  opposite 
phases  of  decnmposition  and  recom position,  involving  something 
more  than  variations  of  pressure  and  displacement  among  the 
particles  of  water.  Even  the  small  degree  of  uncertainty  that  may 
remain  at  this  stage  of  the  inquiry,  is  diminished  by  tho  pheno- 
menon of  diffraction,  and  by  the  physiological  analogy  between  i\\a 
eye  and  the  ear,  both  of  them  situated  like  feelers  of  tiie  brain  ;  we 
know  the  variety  of  perceptions  that  are  communicated  to  the 
mind  hy  the  effect  of  mechanical  vibrations  npon  one  nf  these 
organs. 

Adopting  the  hypothesis,  we  call  these  vibrations  waves,  from 
their  analogy  to  the  vibrations  bo  designated  in  the  case  of  water, 
and  the  distance  \  above  mentioned  we  call  the  length  of  a  wave 
of  light.  In  order  to  effect  its  measurement,  we  produce  the  plifno 
menon  of  interferiince ;  that  is  done  most  directly  by  deflecting  two 
pencils  of  light  proceeding  from  the  same  source  in  such  a  way 

that  Ihey  may  be  superposed  after  Iraversing  patlis  differing  by  ^. 
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phenomeDon  of  diffraction,  which  is  usually  accompanied  bj  that 
of  ioterference. 

Diffraction  is  the  name  given  t^  the  lateral  deviation  of  light  in 
ptwaing  the  edge  of  an  obstacle,  i.e.,  of  an  opaqne  body.  Having 
adopted  the  undulatory  theory,  we  are  ready  to  admit  that  such  a 
deviation  ought  to  take  place,  both  from  our  experience  of  similar 
effects  in  air  and  water,  and  from  our  general  ideas  of  the  atmctnie 
and  equilibrium  of  fluids,  from  wbicb  we  conclude  that  no  eingle 
particle  of  a  fluid  can  be  disturbed  withont  disturbing  those  sur- 
ronnding  it  on  all  sides,  that  is,  propagating  a  disturbance  in  all 
directions.  When  light,  proceeding  from  a  luminous  source  of 
very  small  apparent  diameter,  passes  the  edge  of  a  dark  body  and 
is  received  upon  a  screen,  instead  of  a  sudden  transition  from  light 
to  darkness  at  the  line  where  the  geometrical  shadow  commences, 
we  observe  a  gradually  diminiehing  illumination  for  some  distance 
inside  of  that  line,  and  outside  of  it  we  observe  maxima  and 
minima  of  illumination  arranged  in  bands  parallel  to  it,  if  it  is  a 
straight  line.  In  order  to  effect  the  measurement  of  the  length 
X,  and  understand  the  principle  of  the  process,  it  is  not  necessary 
to  follow  the  mathematical  investigation  of  the  position  and  in- 
tensity of  these  maxima  and  minima.  That  investigation  is  based 
npon  the  axiom  that  each  point  of  a  wave  of  light  is  a  centre  of 
force,  the  molecule  there  situated  tending  to  propagate  the  enei^ 
with  which  it  is  animated  in  all  directions  around  it,  bo  that,  if  it 
were  at  any  instant  the  only  molecule  agitated,  it  would  imme- 
diately become  the  actual  centre  of  a  spherical  wave.  In  the  case 
of  the  uninterrupted  propagation  of  a  spherical  wave,  it  is  the 
envelope  of  all  these  elementary  undulations  to  which  is  trans- 
mitted the  vibratory  movement  of  each  molecule,  and  which,  by 
reason  of  symmetry,  is  a  spherical  surface  concentric  with  that 
which  it  succeeds.  Diffraction  takes  place  when  part  of  the  wave 
is  intercepted  by  an  obstacle,  and  the  symmetry  is  destroyed 
which  kept  the  surface  of  the  wave  concentric  with  its  first  posi- 
tion. The  propagation  of  a  spherical  wave  does  not  require  that 
contiguous  molecules  be  allowed  free  play.  If  we  look  at  a 
luminous  source  through  a  Hue  grating,  we  see  it  in  the  same 
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position  aB  if  the  grating  were  removed,  which  proves  that  a  con- 
ceiitrio  spherical  wave  is  formed  by  the  union  of  the  fragmentary 
parts  of  the  incident  wave  which  the  grating  has  allowed  to  pass, 
or  at  least  the  fragmentary  parts  distribnted  over  the  spherical 
surface  produce  the  same  effect  upon  our  sense  of  vision  as  if  the 
surface  were  occupied  by  an  unbroken  wave.  If  the  grating  be 
sufficiently  fine,  and  the  luminouB  source  not  too  near,  we  see  not 
only  the  source  in  its  proper  position,  but  also  images  of  it  on 
both  sides  in  the  direction  at  right  angles  to  the  wires  or  dark 
lines  of  the  grating.  If  the  light  of  the  source  be  homogeneous, 
that  is,  the  same  as  we  find  at  any  point  of  a  pure  spectrum,  these 
lateral  images  are  counterparts  of  the  true  image,  of  various  in- 
tensities. If  the  source  emit  white  light,  it  is  exhibited  in  each 
of  these  images  separated  into  its  component  colours,  the  image 
being  spread  out  so  as  to  form  a  spectrum,  with  the  violet  extremity 
nearest  to  the  central  image. 

In  order  to  understand  the  origin  of  these  lateral  images,  first 
suppose  the  transparent  intervals  to  be  of  infinitely  small  width, 
and  separated  by  dark  spaces  of  finite  and  equal  breadth.  Suppose 
light  coming  from  a  distant  source  to  be  incident  upon  them  in  a 
direction  perpendicular  to  their  plane.  Tlie  space  occupied  by  the 
system  of  lines  and  spaces  being  very  small,  the  surface  of  an 
incident  wave  may  be  considered  as  coinciding  with  their  plane, 
so  that  a  similar  phase  of  vibration  passes  at  all  points  of  the 
transparent  lines  at  the  same  instant.  Each  of  these  lines  thus 
becomes  the  axis  of  a  system  of  cylindrical  waves  behind  the 
grating,  and  at  any  instant  the  same  phase  of  vibration  is  found  in 
each  system  at  the  same  distance  from  the  axis. 

Suppose  the  dark  lines  in  the  figure  to  represent  sections  of 
these  cylindrical  surfaces  in  the  same  phase  of  vibration.  Upon 
the  surfaces  which  envelope  a  succession  of  these  surfaces  of  similar 
phase,  in  a  direction  parallel  to  AB,  are  formed  a  system  of  waves 
by  which  we  see  the  true  image  in  its  real  position ;  similarly,  by 
a  system  of  waves  which  envelope  surfaces  of  similar  phase,  in  a 
direction  parallel  to  CD,  we  see  the  first  lateral  image  to  tlie  right ; 
by  a  system  of  waves  parallel  to  EC,  we  see  the  second  image,  and 
BO  on.  If  we  denote  by  a  the  distance  between  the  transparent 
lines,  and  by  D,  the  angular  deviation  of  the  first  lateral  image, 
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we  find,  from  tlie  p-^Bition  of  the  surface  CD,  a  ein  D  ae  the  dis- 
tance between  succesBive  surfaces  of  simitar  phase  parallel  to  CD, 
that  is  to  say,  as  the  length  of  the  wave  of  the  light  propagated 
in  the  direction  normal  to  CD.    Similarly,  by  drawing  perpen- 


iiT^^^j^ 


diciitars  upon  the  Buccessive  envelope  surfaces  through  C  from 
the  first  opening  to  the  right,  we  get  for  the  same  wave  lengtb 

-  a  sin  D,  from  the  second  image,  ^  "  sin  D,  from  the  third,  and  so 

on.  In  the  case  of  white  light,  the  separation  into  its  component 
colours  exhibited  in  each  lateral  im^e  enables  ns,  by  observing 
the  deviation  of  each  colour  of  the  spectrum,  to  measure  the  wave 
length  of  light  of  that  colour. 

The  lateral  images  are  tliiis  easily  accounted  for  in  the  imaginary 
case,  in  which  the  transparent  intervals  are  of  infinitely  small 
breadth.  Gratings  have  been  constructed  by  ruling  sensibly  dark 
lines  upon  glass  so  closely  that  the  breadth  of  the  transparent 
internal  is  only  a  small  fraction  of  the  length  of  wave.  The 
explanation  of  the  images  seen  through  these  is  the  same  as  that 
just  given  for  the  imaginary  case. 
^  Suppose,  however,  the  width  of  the 

spaces  to  be  so  much  greater  than  the 
length  of  wave,  that  the  small  inclined 
/      /  surlace  AC  which  covers  the  opening, 

/        /  as  seen   in   the  direction  AP  normal 

/      /  to  AC,  stretches  obliquely  across  the 

'      /  exact  length  of  a  wave  of  the  inci- 

dent light,  the  surface  AC,  which 
would  be  the  locus  of  the  same,  or  at  least  concordant  phases 
of  vibration  if   light  were   propagated    in   the   direction  AP, 
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will  contain  nothing  but  a  series  of  equal  and  opposite  phaeee, 
vhich  will  be  dUcordant  and  mutually  doBtnictive,  as  far  as  con- 
cerns the  propagation  of  ligbt  in  the  direction  AF,  and  no  image 
will  be  seen  in  tbat  direction,  whatever  may  be  tbe  distance  be- 
tween tbe  transparent  spaces.  The  same  wilt  be  the  case  if  the 
breadth  of  the  spaces  be  Buch  tbat  tbe  surface  AC  stretches  across 
exactly  2,  3,  or  any  whole  number  of  wave  lengths.     But  if  the 

surface  AC  stretches  across  n  -v  -  wave  lengths,  c  being  a  proper 

fraction,  the  vibratory  movement  transmitted  along  AP  by  the 
fractional  part  of  the  wave  length  will  not  be  destroyed  by  tlie 
concurrence  of  its  complete  opposite,  and  light  will  be  propagated 
along  AF.  Tbe  other  transparent  spaces  will  send  concordant 
phases  to  tbe  envelope  wave,  if  AP  be  at  the  proper  angle.  In 
this  case,  however,  the  breadth  « of  a  transparent  space  must  be 
added  to  a  in  the  formula  a  sin  D,  &c.,  a  4-  <  being  the  distance 
between  the  succeBsive  effective  remnants  of  the  vibratory  move- 
ments which  pass  to  the  envelope  surfaces.  The  breadth  a  +  < 
occupied  by  a  dark  and  a  transparent  Bpace  la  called  an  element  of 
the  grating.     If  the  fractional  part  ^  of  the  wave  length,  which  is 

efTective  in  forming  any  one  of  these  envelope  waves,  be  either  a 
very  small  or  a  very  large  fraction,  its  effect  will  be  feeble,  ami 
tbe  corresponding  image  of  small  intensity;  but  if  it  be  exactly 
one-half  of  tbe  wave  length,  its  effect  will  be  the  greatest  possible, 
and  tbe  envelope  wave  will  receive  from  each  opening  the  greatest 
possible  amount  of  concordant  action.  In  this  manner  is  explained 
tbe  difference  of  intensity  of  these  lateral  images,  tbe  one  nearest 
to  the  central  image  not  being  always  tbe  brightest.  Proximity 
to  tbe  central  image  is,  however,  also  a  canse  of  greater  brightness, 
it  being  evident  that  the  less  tbe  surface  AC  in  tbe  last  figure  is 
inclined  to  tbe  incident  waves,  the  greater  is  the  absolate  length 
of  that  part  of  it  which  stretches  over  any  given  fraction  of  tbe 
wave  length,  and  the  greater  the  amount  of  action  of  which  it  is 
the  locus. 

In  the  above  the  incident  waves  have  been  supposed  to  be  ex- 
actly parallel  to  the  plane  of  the  grating,  so  tbat  the  same  phase 
of  vibration  passes  at  the  same  instant  through  all  tbe  openings. 
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The  figure  annexed  shows  that  if  the  incident  waves  be  inclined  to 
the  grating  at  such  an  angle  that  the  perpendicular  from  any  open- 
ing upon  the  wave  Hurface 
passing  through  the  next 
opening  is  equal  to  the  wave 
length,  the  same  phase  will 
in  this  case  also  pass  all  the 
openings  at  the  Bame  in- 
stant, though  derived  from  different  incident  waves,  and  the  first 
lateral  image  will  be  seen  in  a.  direction  normal  to  the  grating. 
The  same  formula  will  give  the  wave  length  in  this  cose,  D  being 
always  the  angular  deviation  from  the  true  image  or  from  the 
direction  of  the  incident  light.  This  is  the  condition  approxi- 
mately realised  in  the  arrangements  for  measuring  the  wave  length 
about  to  be  described,  but  as  no  provision  is  made  for  an  exact 
adjustment  of  the  grating  to  the  inclination  just  indicated,  and 
as  a  very  minute  error  in  such  an  adjustment  would  cause  the 
conditions  of  the  experiment  to  be  altogether  different  from  those 
indicated  by  the  figure  above,  it  is  necessary  to  account  for  the 
appearance  of  lateral  images  in  the  case  of  light  incident  at  any 
angle,  and  find  a  formula  for  the  wave  length  applicable  to  that  case. 
If,  as  in  the  figure  below,  the  incident  waves  be  so  inclined  to 
the  grating  that  the  perpendicular  BC,  together  with  the  perpen- 
dicular BD,  moke  up  the  wave 
length,  the  same  phase  of  vi- 
bration will  he  situated  at  A 
and  D;  for  the  same  reason, 
behind  every  two  consecutive 
openings,  like  phases  will  be 
situated  upon  surfaces  inclined 
at  the  same  angle  as  AD,  that  Is  to  say,  AD  produced  will  en- 
velope like  phases,  and  the  first  lateral  image  will  be  seen  in  the 
direction  normal  to  AD.  If  we  denote  by  I  the  angle  of  incidence 
GAB,  and  as  before  by  D,  the  angle  of  deviation  CAD,  we  get 
A  *  {o  +  «)  tain  I  +  sin  (D-  I)J.  So  long  as  I  and  D  are  small, 
the  latter  factor  is  approximately  ■=  I  +  D  -  I  =  D  =  sin  D,  the 
same  as  before,  so  that  in  that  case  the  error  introduced  by  using 
the  formula  first  obtained  with  only  an  approximate  adjustment  of 
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the  gratiDg  is  in  considerable.     Tbe  same  is  the  case  if  either  I 
aloDe  or  D  —  I  bfl  very  email. 
By  differentiating  the  foimula  we  get 


,(P -!)(■§ -lyo 


_  COS  (D  -  I)  -  cos  I  _ 


cos(D  -  1)  cos(U  -  1)  ' 

(and  if  D  =  21)  =  1  -HH?4  =  0, 

cos  I 

that  is,  D  IB  constant  for  email  variatione  of  the  position  of  the 
grating,  or  angle  of  incidence,  wliile  the  variation  of  the  latter 
b;  condition  (2)  does  not  affect  tbe  value  of  \  calculated  from  the 
formula.  There  is,  therefore,  an  advantage  in  observing  with  the 
grating  adjusted  to  bisect  the  angle  between  the  directions  of  in- 
cidence and  diffraction,  that  being  the  position  in  which  a  small 
error  in  the  odjuetment  has  the  least  effect  upon  the  result  given 
by  the  formula,  which  becomes  in  this  case, 

X.2(a  +  ,),i„§. 

In  the  arrangemente  now  to  be  described,  in  which  we  use  two 
sources  of  light,  one  on  each  side  of  tbe  normal  to  the  grating, 
we  make  the  angle  (D  - 1)  approximately  vanish,  and  use  tbe  mean 
of  the  two  angles  of  incidence  in  the  formula 

X  =  (o  +  £)sinl. 
By  neglecting  the  part  (a  +  <)  sin  (D  -  I),  which  is  itoeitive  for 
the  one  light,  and  negative  and  of  the  same  magnitude  for  tbe 
other,  ae  is  plain  from  the  method  of  observing,  we  introduce  no 
error  into  the  result. 

AC,  BD,  are  sections  of  two  rectangular  piecee  of  tin  bent  into 
a  cylindrical  form  round  the  glass  funnels  of  two  paraEGn  lamps. 
Their  edges  come  short  of  meeting  so  as  to  leave  a  slit  at  A  and  B 
of  about  1  millimetre  in  breadth.  Tlieee  slits  are  partially  covered 
with  tin  as  shown  immediately  below,  where  they  are  drawn  as 
they  appear  to  the  eye  of  the  observer.  A  thread  is  stretched 
round  the  two  cylinders,  partly  shown  between  A  and  B.     EF 
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is  a  straight  stick  passing  horizootally  immediately  ntider  the 
thread,   and   graduated   in  ceatimetres  on   its  upper  edge.      A 
grating  constructed  by  drawing  truus- 
parent  lines  at  the  rate  of  20O0  to  the 
inch  upon   glass  covered  with  a  dark 
ground,  is  held  by  the  hand  against  the 
end  E  of  the  stick,  cut  square  with  its 
edges.     The  stick  is  then  pushed  in  or 
out  in  the  direction  of  its  length  till  the 
__r— 1 — I        I — I — I — I      red  colour  of  the  first  spectrum  to  the 
I  right  of  A  is  seen  to  be  directly  above 

|]  IP  the  same  colour  of  the  first  spectrum  to 

_l  _L  Lrl—  ^^^  ^^^^  °^  ^'  ^  pfiDC'I  mark  is  then 
made  upon  the  stick  directly  below  the 
thread.  The  stick  is  then  drawn  further 
out  until  the  yellow  colours  of  the  two 
spectra  are  seen  in  the  same  vertical 
line,  and  another  mark  is  made ;  and  so 
with  the  remaining  colours.  The  dis- 
tance from  centre  to  centre  of  the  two 
slits,  in  a  horizontal  line,  being  10  centi- 
metres, the  distances  marked  off  between 
E  and  the  thread  were  read  995  centi- 
metres for  the  red,  107  for  the  yellow, 
116  for  the  green,  and  135  for  the  blue. 
These  numbers  were  taken  for  the  dis- 
tance to  the  light  in  each  case,  being 
only  about  jj  per  cent,  less  by  calcula- 
tion. The  corresponding  wave  lengths 
by  the  formula  K  =  (a  +  t)  sin  I,  are 
^      of  an  inch  =  000638  millimetre. 


Red 
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Yellow 


2000 
1 


1 


107       2000       42800 
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DifTerent  measnremeiits  may  be  got  by  the  same  observer  at  dif- 
fereDt  times  from  his  uocertamty  as  to  the  pointe  in  the  apeotrnm 
at  whicli  he  should  coDsidei  each  coloai  to  begiu  and  end.  This 
uncertainty  ia  usaally  considered  to  be  obviated  by  UBing  solar 
light,  and  meaBuriog  the  deviations  of  the  dark  lines  In  the  spec- 
tram  ;  but  as  these  lioes  are  the  parts  of  the  spectrum  from  which 
no  light  Gomes,  the  process  can  scarcely  be  called  the  determina- 
tion of  the  wave  length  of  light. 

Since  the  above  measurements  were  made,  an  improvement  was 
made  in  the  apparatus  by  which  the  gratings  were  constructed,  and 
finer  gratings  were  made,  which  gave  more  brilliant  spectra,  by 
reason  of  the  greater  number  of  apertures  from  which  similar 
phases  of  vibration  came  to  the  eye.  With  one  of  these,  consisting 
of  transparent  spaces  drawn  at  the  rate  of  3000  to  the  inch,  a  new 
set  of  measarements  was  taken  in  the  following  manner : — 

EF  represents  a  rectangular  piece  of 
wood  upon  which  is  pinned  a  piece  of 
paste-board  ABCD,  whose  edge  AFB 
is  an  arc  of  radius  20  inches  and 
centre  at  E.  The  chord  AB  is  divided 
into  tenths  of  an  inch  by  perpendicu- 
lars to  it  meeting  the  arc.  Touching 
the  arc  are  placed,  but  not  fixed,  two 
pieces  of  tin  bent  as  represented  at  Q, 
each  having  a  narrow  slit  so  situated 
that  the  bottom  of  the  one  slit  is  on  a 
level  with  the  top  of  the  other,  and 
carrying  a  small  piece  of  candle  im- 
mediately behind  the  slit.  The  grat- 
ing is  held  at  E,  and  the  pieces  of  tin 
are  moved  along  the  arc  until  the 
colour  observed  in  each  spectrum  is  in 
the  same  vertical  line  at  F.  The  dis- 
tance between  the  two  slits  is  then 
read  upon  the  graduated  chord,  and 
the  half  of  that  distance  divided  by 
20  inches  is  the  sine  of  the  deviation.  Id  this  case  the  second 
spectrum  from   each  light  was  observed,  and  the  observed  dis- 
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tanceg  for  the  red,  yellow,  green,  aod  blue,  were  59,  5  5,  5-025, 
and  425  iocbeB  respective!;.  The  wave  lengths  calculated  from 
these  data  are  id  millimetieE — 


1  5025     \^      25;4 

2  ■       2     '  20  ■  3000  " 
1     4-25      1      25-4 


blue. 


The  apparutuB  contrived  and  constructed  by  the  author  to  pro- 
duce these  fine  gratings  hae  not  been  described,  because  its  con- 
struction involves  considerable  trouble  and  expense,  which  the 
experimenter  may  avoid  by  applying  to  an  instrument- maker  who 
has  a  dividing  machine.  The  difGculty  of  getting  a  sufficiently 
fine  dark  ground  upon  the  glass  will  also  be  avoided  if  the  dividing 
machine  be  fitted  with  a  diamond  point,  which  will  scratch  com- 
paratively opaque  Udob  on  the  transparent  surface  of  the  glass. 
The  finest  gratings  constructed  are  produced  in  that  way. 

5.  Note  on  LlDcar  Partial  Differential  Equations.     By 

Professor  Tait 
The  equation 

„  du  du  du 

■■s  +  ^rj  +  Ba-" 

may  be  put  in  the  very  simple  form 
if  we  write 

and 

This  gives,  at  o 
where  m  is  a  scalar  and  0  a.  vector  (in  whose  tensor  m  might  have 

DiqitlzscbyGOOqlC 


-  =  tP-(-jQ  +  iE, 


*dx  "^•'rfy+*d,- 


of  Edinburgh,  Session  1869-70.  lyl 

been    included,  but    is    kept   separate   for   a   special   purpose.) 
Hence 

du  =  -  S(dpV)u 
=  -  mS.$rdp 
=  -S.edr, 
if  we  put 

dr  "  my,9~dp 
60  that  m  is  an  integrating  factor  of  V,  r  dp.    If  a  value  of  wi  can 
be  found,  it  is  obviouD,  from  the  fonn  of  the  above  ei^nation,  that  6 
must  be  a  function  of  r  alone ;  and  the  integral  is  therefore 

u  =  F(t)  =  const, 
when  F  is  an  arbitrary  scalar  function. 
Thus  the  difierential  equation  of  Cylinden  is 
S{<.V)„-0, 
where  a  ia  a  constant  vector.     Here  m  =  1,  and 
»  -  FCV,V). 
That  of  Cones  referred  to  the  vertex  is 
SrpT)u  =  0. 
Here  the  espression  to  be  made  integrahle  ia 

V.pdp. 
But  Hamilton  long  ago  showed  that 

Up  -  %  -  ITpf  ' 
which  indicates  the  value  of  m,  and  gives 
«  =  F(Up)  =  const. 
It  is  obvious  that  the  above  is  only  one  of  a  great  number 
of  different  processes  which  may  be  applied  to  integrate  the 
differential  equation.    It  is  quite  easy,  for  instance,  to  pass  from 
it  to  the  assumption  of  a  vector  integrating  factor  instead  of  the 
scalar  m,  and  to  derive  the  usual  criterion  of  integrability.    There 
ia  no  difficulty  in  modifying  the  process  to  suit  the  case  when  the 
right  hand  member  is  a  multiple  of  u.    In  fact  it  seems  to  throw 
a  very  clear  light  upon  the  whole  subject  of  the  integration  of 
partial  differential  equations.    But  I  have  not  at  present  leisure  to 
pursue  the  subject  farther  than  to  notice  that  if,  instead  of  S(*-  V), 
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we  employ  other  operators  ,«8  S((t-  V)  S(tV),  S  .<r-  Vt7,  &c.  (wbere  V 
may  or  may  not  operate  on  u  alone),  we  can  pass  to  linear  partial 
diCTerentiol  equatione  of  the  second  and  higlier  orders.  Similar 
theorems  can  be  obtained  from  veotoi  operations,  as  V(<t-  V). 

6.  On  the  Oiidation  Produots  of  Picoline.     By  James 

Dewar,    F.ILS.E,  Lecturer    on    Chemistry,  Veterinary 

College,  Edinbargh. 

{AhitraiA.) 

The  anthor  in  this  paper  details  the  results  of  a  series  of  experi- 
ments, commenced  three  years  ago,  on  the  oxidation  of  the 
pyridine  series  of  bases.  These  bodies  are  readily  attacked  by 
permanganate  of  potash ;  and  the  oxidation  prodncte  of  picoline 
thus  obtained  are  ammonia,  carbonic,  nitric,  oxalic,  acetic,  and 
die  arbopy  ride  Die  acids,  along  with  a  very  small  qnantity  of  some 
solid  base,  possibly  a  condensed  base. 

Dicarbopyridenic  acid,  CgHjNp^^Q,  la  bibasic,  and  bears  the 

same  relation  to  the  nncleus  pyridine  that  phthalic  acid  and  its 
isomers  bear  to  benzol.  It  crystallises  from  hot  aqueous  solutions 
in  plates  resembling  naphthaline;  the  majority  of  its  salts  are 
soluble  and  crystal lisable.  The  silver  salt  of  the  acid  is  very 
characteristic,  being  insoluble  and  gelatinous,  not  decomposed  by 
boiling  water,  and  not  visibly  affected  by  light.  As  this  acid  was 
got  in  only  small  qnantity,  the  author  had  not  the  opportunity 
of  producing  \ia  various  derivatives. 

The  author  observes  that  the  two  well-defined  series  of  nitrile 
bases  found  in  coal  tar,  viz.,  the  pyridine  and  chinoline  series, 
bear  the  same  relation  to  each  other  that  the  benzol  series 
of  hydrocarbons  does  to  the  naphthaline.  Thus,  pyridine  is  sup- 
posed to  be  the  nucleus  in  these  bodies  that  benzol  is  in  the 
aromatic  series.  Tlie  following  are  some  of  the  analogies  point«d 
out  in  the  paper  : — 

BeozoL       Napbthalino.  Antbracine.         Fjrridiiie.         Cliinoline. 
C,H,  C,H,  C,H,  C,H,  C.H,N 

C.H,  C,H,  C,H.  NCH  C^, 

C,H,  C,H,  C,H,  C,H,  C.H, 

Chinoline  and  pyridine,  therefore,  ought  to  he  reailily  obtainable 
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from  each  other,  aad  it  is  the  intention  of  the  author  to  work  iu 
this  directioD.  It  is  observed  also  that  indol,  the  nucleus  of 
indigo,  is  benzol-pyrrol,  being  related  thas, 

Indol.  Pyrrol. 

C.H.  C.H, 

NH  NH 

It  is  therefore  likely  that  indol  may  be  met  with  along  with  pyrrol 
among  the  products  of  the  destructive  distillation  of  nitrogeniaed 
organic  snbstancea.  While  this  paper  is  passing  through  tho  press, 
Professor  B&eyer  of  Berlin  has  pointed  out,  independently,  a  simi- 
lai  relation  between  pyrrol  and  isdol,  a  note  of  which  has  just  been 
published. 

7.  KotoB  of  some  Experimeots  on  the  Rate  of  Flow  of  Blood 

and  some  other  Liquids  through  tubes  of  narrow  diameter. 

By  J.  Matthews  Duncan,  M.D.,  F.R.S.E,  and  Arthur 

Gamgee,  M.D.,  F.R.S.E. 

The  experiments,  of  which  the  results  are  recorded  in  the  present 
communication,  were  nndertaken  io  order  to  determine  tho  rate  at 
which  blood  flows  through  tubes  of  moderately  small  diameter,  with  a 
view  to  the  study  of  the  mechanical  theory  of  dysmenorrhcea-,  they 
were  afterwords  extended  to  blood-clot,  serum,  milk,  and  urine.  Sec. 

In  a  memoir  iuserted  in  the  ninth  volume  of  the  "  Mumoircs  des 
savants  etrangors,"  M.  Foiseuille  stated  the  results  of  an  investiga- 
tion on  the  flow  of  water  and  other  fluids  through  capillary  tubes, 
showing  bow  this  is  influenced  by  pressure,  by  the  length  and 
diameter  of  the  tube,  and  by  temperature.  A  committee  of  the 
French  Academy,  of  which  M.  Begnault  was  the  reporter,  corrobo- 
rated the  results  of  M.  Poiseuille's  researches.*  Subsequently  this 
observer  published  a  still  more  extended  series  of  observations,  in- 
cluding the  determination  of  the  rate  of  flow  of  semm  and  defi- 
hrinated  blood  .t 

*  RecbeTcheB  expfirimentiilee  anr  le  {nonvement  des  liquides  daos  lea  lubes 
do  tria-petitB  diamAtraa.  Commisaaires  HM.  Acago,  Baliinet,  Piobeit,  Reg- 
uaalt  rapporteur.     Acad^mie  dea  Scieocea,  afionce  du  26th  Dccembrs  1842. 

t  Bcchorobea  eipirimentalea  BDr  le  monvenieDt  dea  liqnidea  da  oatnre  dif- 
firenta  dans  let  tubes  da  trSa  petits  diamftreB  par  M.  le  Dr  Foiaeuille.  An- 
tialea  da  Cbimie  et  da  PbjBique.    Troiai^me  a^rie  t.  mi.     1847. 


:byG00Qlc 


194  Proceedings  of  the  Royal  Society 

The  method  employed  by  PoiBeuille  in  his  Teseorcfaes,  and  vhich 
is  described  at  length  in  hia  Memoir,  conaieted  essentially  in 
cauBing  air  under  a  known  preesure  to  force  a  known  quantity  of 
the  fluid  to  be  experimented  upon  through  tubes  of  known  diameter 
and  length,  and  determining  the  time  employed. 

The  following  are  the  general  results  to  which  he  arrived  con- 
cerning the  influence  of  the  length  and  diameter  of  tubes  of  smaller 
diameter  than  a  millimetre  on  the  rate  of  flow  of  any  liquid  at  a 
constant  pressure  and  temperature : — 

\*t.  The  Tolnmes  of  liquid  flowing  in  equal  times  through  capil- 
lary tubes  of  equal  length,  but  of  different  diameters,  are  amongst 
themselvea  as  the  fourth  powers  of  the  diameters. 

id.  The  volumes  of  liquids  which  flow  in  equal  times  through 
capillary  tubes  of  the  game  diameter,  but  of  diflerent  lengths,  vary 
inversely  as  tho  length  of  the  tubes. 

With  regard  to  the  influence  of  pressure,  it  was  found  that  tbe 
rate  of  flow  increased  directly  as  the  pressure ;  and  with  regard  to 
tho  temperature,  that,  at  a  gentral  ruh,  the  rate  of  flow  of  solutions 
increases  as  the  temperature  rises. 

With  regard  to  the  influence  of  various  substances  held  in  solu- 
tion by  a  fluid,  on  the  rate  of  flow,  no  general  law  was  arrived  at, 
connecting  it  either  with  chemical  constitution,  density,  capillarity, 
or  viscosity." 

The  following  are  some  of  the  results,  extracted  from  M.  Poi- 
seuille's  Memoir — 

I.  Tube  employed  (B)  is  64  millimetres  long;  its  diameter  ia 
0°"-249 ;  capacity  of  receiver,  6  CO.;  pressure,  1  metre ;  tempera- 
ture, WB  C. 

Time  of  Flow. 

1.  Distilled  water,     ....  535-2 

2.  Ether, 160-0 

3.  Alcohol, 11845 

4.  Serum  of  ox's  blood,  .  10290 

*  We  me;  merely  aJlude  to  the  fact  that  M.  Qraham  euccaedeil  in  sboning 
a  decided  connection  between  tbe  rale  oF  flow  of  the  different  hjdraleB  of 
Bulpburic  acid  and  their  chemieal  constitution.  Hia  very  intereating  leantls 
ate  to  be  found  in  a  paper  "  On  liquid  transpirntion  in  relation  to  chemical 
composition."    {Philmophical  Trantactiont,  1861.  p.  B73). 
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M,  Poiseuille  made  a  BJDgle  determiuatioD  of  the  rate  of  flow  of 
blood  eemm :  of  blood  serum  plus  a  small  and  unknown  quantity  of 
corpuBclea,  and  of  deflbrinated  blood,  the  same  animal's  blood  (an 
ox's)  having  been  used  to  furniali  the  three  liquids.  The  following 
are  the  results — 

Temperature  and  pressure  stated  to  have  been  kept  conBlant 
duiiug  all  the  experiments;  length  of  tube,  110  miUimetres -,  dia- 
meter, 0'"'256 ;  capacity  of  receiver,  between  5  and  6  C.  0. 

Time  of  Flow. 
Serum,  .....  20'-3"3 

Serum  aod  a  small  and  unknown  quantity  of 

blood  corpuscles,  .  21-17 

Defibrinated  blood,     ....  6847 

Foiseuille  points  out  that  the  aggregation  of  blood -corpuscles, 
which  always  takes  place  in  defibrinatcd  blood,  leads  to  a  chokiug 
of  the  tabes  employed,  especially  when  these  are  of  narrow  diameter 
(0™°-!),  or  to  an  irregular  flow,  and  that  consequently  defibrinated 
blood  cannot  readily  be  injected  through  the  capillaries  of  the 
lungs  of  animals  which  have  been  bled  to  death.  The  recent  ex- 
periments of  Dr  J.  J.  Miiller,*  carried  on  under  the  direction,  and 
according  to  the  method,  of  Professor  Lndwig,  in  the  Physiological 
Institute  of  Leipzig,  are  opposed  to  the  statement  of  Foiseuille, 
for  ho  succeeded  in  keeping  up  for  long  periods  a  flow  of  defibrin- 
ated  blood  through  the  lungs. 

Method  employed  in  the  praent  re»eaTc/i. 

All  experiments  were  conducted  according  to  a  method  suggested 
by,  and  under  the  directioD  of.  Professor  Tait,  in  the  Physical 
Laboratory  of  the  University  of  Edinburgh.  The  liquids  to  be 
experimented  upon  were  allowed  to  flow  throngh  tubes  of  known 
diameter  and  length,  into  a  large  air-pump  receiver  exhausted  to  a 
partial  and  known  extent,  the  fluid  being  thus  subjected  to  the 
pressure  of  the  atmosphere,  minus  that  of  the  air  in  the  receiver. 

Before  enumerating  our  experiments,  it  may  be  well  to  point 
out  certain  fuudamental  differences  which  exist  between  them  aud 

■  "  Ueber  die  Athmung  in  der  Ltmge  von  Dr  J.  J.  Hiiller."  Arboiten  aus 
der  PhjrBiolog.  Aaat.  zo  Leipzig  Mitgetheilt  duich  C.  Lndvig.  Leipzig, 
1870,  p.  37-76. 
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those  of  M.  FotBenltle.  \it,  Out  tubes  bad  a  much  wider  diameter — 
those  used  by  the  French  observer  varied  io  diameter  from 
0°"-  1949-0"-256,  whilst  our  tubes  were  from  O"' 8 45-1—- 259. 
2dly,  By  our  tubes  being  much  longer  than  those  of  Foiseuille; 
and,  Mly,  By  the  liquids  being  allowed  to  flow,  not  into  water,  but 
into  empty  vesaels  placed  in  the  partially  exhausted  jeceiver. 

I.—Injtnemx  of  the  Sfuipc  of  tke  Tubes  employed  on  the  Rale  of  Flow. 
It  was  considered  advisable  to  determine,  in  the  first  place, 
whether  bends  in  the  tubes  tlirongh  which  the  liquids  were  made 
to  flow  would  exert  any  influence  on  the  rate.  Accordingly,  a 
tube  1129  millemetrea  long  was  bent  twice  at  right  angles;  one 
end  was  connected  by  means  of  a  tightly  fitting  cork  with  the 

Tablb  I. 
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Water,    .     . 
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13-0  t 
13-5 
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robe  bent  Mrioe 
at  right  angles, 
thus, 

ri 

l"  11 

Water,    .    . 

0-845 

1129-8 

13-5 

58.S-5 

159-8 

rube  bent  fotu 
times  at  right  an ' 
glcs  in  the  «ame 
plane,  thus. 

Watir,    .     , 

0-845 

1129-8 

11-5 

5a8.6 

167-4 

Tube  bent  foat 
timeBatrightau- 
ales;  atone  point 
bent  fit  an  angle 
or  about  185° to 
its  former  plane. 

13-14 
15-17 

WaU-r,     .     . 
Water,    .     . 

0-845 
0-815 

112B-8 
|]2S'8 

11-4 
33-0  C 

588-5 
588-5 

161 
108 

Tube  again  bent 
10  and  11.           j 

byGooglc 


of  Edinburgh,  Session  1869-70. 


197 


exhausted  receiver,  and  the  other  was  at  a  given  iDBtant  immersed 
in  water.  The  rate  of  flow  having  been  determined,  the  tube  was 
bent  four  times  at  right  angles,  and  the  experiment  repeated ;  then 
it  was  not  only  boot  four  times  at  right  angles  in  one  plane,  but 
bent  at  one  point  at  an  angle  of  about  135°  to  its  former  plane. 

The  results  of  these  various  experiments  are  exhibited  in 
Table  I.,  page  19G. 

It  results  from  these  experiments  that  the  bends  iu  the  tubes 
liad  DO  perceptible  influence  in  modifying  the  flow— the  quantity 
of  fluid  flowing  in  the  same  time  being  directly  as  the  pressure, 
and  very  much  influenced  by  rises  of  tetnperatore. 

II.— Ai(e  of  Flow  of  Defibriaated  Blood  of  Sheep. 

Having  determined  that  the  shape  of  the  tubes  exerted  no 
influence  on  the  flow  of  fluids  through  them,  we  proceeded  to 
examine  the  comparative  rate  of  flow  of  the  defilrinated  blood  of 
the  sheep.    The  results  are  recorded  in  Tabic  II. 

The  tube  used  in  this  experiment  was  9089  millimetres  long, 
and  was  twice  bent  at  right  angles.  The  diameter  was  1214 
millimetres. 

Table  II. 
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byGooqlc 


Proceedings  of.  the  Royal  Sociefy 


Tablb  III. 
Comparative  Bate  of  Flow  of  iVater,  Defibrinated  Ox-Blood,  Serum 
of  Blood  {obtained  from  aame  sample  of  Blood),  and  Defibrinated 
Sheep's  Blood. 


^h^ 

FlDld  UHd. 

sr 

Lrnfrtli 

tiire. 

Preanre. 

TImB 

Mcupled 

by  Flo- M 

IM  Cubic 

C«nt* 

36 

37' 
38 
38 

40 

Water, 

Serum  of  ox-Mood, 

blood,      .         .  i 

Defibrinated           | 

8be«p's  blood,     t 

1-2H 

808  ■» 

la'-oc 

181 

le'-o 
18°-0 

om 

dS-16 

97-10 
08-1* 
94-50 
365-7 
260-2 

III.— On  the  Saie  of  Flow  of  Pwe  (i.e.,  mcoagvlaied)  Blood  at  the 
Temperatttre  of  Body  through  Narrow  Tuhet. 

Exp.  43. — In  thia  experiment  a  calf,  about  a  week  old,  was  made 
use  of.  The  jugular  vein  on  the  left  side  having  been  exposed,  an 
opening  vas  made  into  it  as  low  in  the  neck  as  possible,  and  a 
flexible  catheter  was  passed  into  the  right  side  of  the  heart;  the 
venouB  blood  osed  was  thus  obtained. 

Thereafter  the  carotid  artery  was  exposed  on  the  same  side, 
and  a  ligature  having  been  applied  on  the  distal  side  of  the 
exposed  portion,  a  tube  was  introduced  into  the  cardiac  end.  From 
this  tube  was  obtained  the  arterial  blood  used  in  the  experiment. 

The  temperature  of  the  calf  before  the  experiment  wae,  SS^-S  C. 

After  the  experiment,  ....      38°-7  C. 

The  blood  was  received  directly  into  graduated  tubes  heated  to 
ZZ-'%  c. 

•  Solids  in  1000  parts  of  aemm, 90'41 

Water, 909'69 

t  SoUdB  in  1000  patU  of  the  blood 212-21 

Water, 787-79 
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Two  tubes  were  used  in  these  experiments.  The  length  was  56 
inches.  The  first  (Tube  C)  had  a  diameter  of  1259  of  a  millimetre. 
The  second  (Tube  A)  bad  a  diameter  of  09289  of  a  millimetre. 

Tablb  IV. 
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50 
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Tubs  A. 
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38"'5 
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69-4 

15-63 

Arteriilbloodofwlf 

160-1 

From  this  experiment  it  would  appear  that  the  rate  of  flow  of 
blood  just  drawn  from  the  vessels  of  a  Uring  animal  is  very  much 
greater  than  the  rate  of  flow  of  blood  which,  having  been  defibri- 
nated,  has  been  allowed  to  staod  for  some  time,  as  was  the  case  in 
experiment  40,  In  defibrinated  blood  the  corpuscles  tend  un- 
doubtedly to  run  together,  and  the  mosses  thus  formed  by  their 
coherence  must  necessarily  account  for  the  extreme  slowness.  The 
pure  and  perfectly  warm  blood  Sowed,  indeed,  more  rapidly  than 
did  the  serum  obtained  from  ox-blood,  which  had  been  used  in  a 
previous  experiment.  In  experiments  36,  37,  88,  and  39,  it  was 
found  tbat  the  time  of  flow  of  equal  quantities  of  serum  and  water 
ffe re  represented  by  the  ratio  of  1-4:1.  In  experiments  43-49, 
it  was  found,  on  the  other  band,  that  the  rate  of  flow  of  equal 
quantities  of  pure  blood  and  water  were  represented  by  the  ratio  of 
1-3;1. 

In  a  former  part  of  this  paper  we  stated  that  the  diameters  of 
the  tubes  used  by  us  differed  from  those  of  Poiseuille  in  being 
much  wider. 
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Ab  was  previously  stated,  the  French  author  found  that  in  capil- 
lary tubes  of  difiereut  diameter,  the  quantity  of  flnid  flowing  in 
equal  times  through  equal  leagths,  Tariee  not  aa  the  equarea,  but 
as  the  fourth  power  of  the  diameters.  In  the  tubes  used  by  us, 
io  the  experiment  above  described,  the  diameter  was  such  that  the 
quantities  of  water  flowing  through  equal  lengths  were,  cateris 
paribus,  as  the  squares  of  the  diameters.  It  is  interesting  to 
observe  iu  connection  with  experiments  43-53  inclusive,  that 
wliilet  the  amount  of  water  flowing  varied  very  much  aa  the 
squares  of  the  diameters,  the  quantity  of  blood  flowing  through  the 
two  tubes  did  not  obey  this  law;  the  blood  being  retarded  in  it^ 
flow  more  than  water  though  by  no  means  to  aucb  an  extent  as 
to  abow  that,  for  it,  the  tubes  obeyed  Poiseuille's  law. 

IV.  On  the  Pressure  required  to/orce  Bhod  Ctot  through  Tubes  of 

Narrow  Diameter. 

The  clot  used  was  obtained  by  allowing  ox's  blood  to  coagulate, 
and  separating  it  from  serum. 

Bxp.  54. — In  thia  experiment  a  tube  having  a  diameter  of  11G2 
millimetre  was  used.  Although  subjected  to  the  whole  atmo- 
spheric pressure  (700  M.)  none  of  the  clot  would  pass  through  the 
tube. 

£xp.  05  and  SB. — In  thia  experiment  the  a&me  clot  was  used, 
but  a  diO'crcDt;  tube.  The  clot  was  found  freely  to  flow  through 
the  tube,  which  had  a  diameter  of  2  00  millimetres. 

In  experiment  55  the  pressure  of  a  column  of  mercuiy  24  inches 
high  was  employed.  In  experiment  5C  that  of  a  column  29  inches 
high  was  required. 

V.  On  the  Rate  of  Flow  of  Milk  and  Urine  through  Narrow  Ttdies. 
The  results  of  these  experiments  are  shown  in  the  annexed  table. 

It  will  be  observed  that  two  tubes  were  employed  in  the  determi- 
nation of  the  rate  of  flow  of  milk,  whilst  the  two  sets  of  experi- 
ments with  urine  were  performed  with  one  tube.  The  rate  of  flow 
of  urine  ia  ahowa  to  be  almost  identical  with  that  of  water,  whilst 
the  rate  of  flow  of  milk  is  about  the  same  as  that  of  water  when  a 
large  tube  ia  need,  but  much  slower  when  a  tulje  of  narrow 
diameter  tii  employed. 
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8.  On  Cystine  (OgHjNOjS).     By  James  Dewar,  F.R.S.E., 
Lecturer  on  Chemistry,  Veterinary  College,  Edinburgh ; 
and  Arthur  Gamgee,  M.D.,  F.R.S.E.,  Lecturer  on  Physio- 
logy, at  Surgeon's  Hall,  Edinburgh. 
Preliminary  Notice. 
With  the  exception  of  the  phyeical  characters  of  thie  rare  chemi- 
cal Buhstance,  which  ia  only  known  as  an  abnormal  constituent  of 
the  human  body,  we  know  so  very  little,  that  even  a  few  facts  with 
regard  to  its  behaviour  with  reagent*  may  not  be  altogether  unin- 
teresting. 

Cyatine  has  the  composition  CjH;NO,S ;  and  crystallises  in  tbe 
form  of  six-sided  plates.  It  forms  with  hydrochloric,  nitric,  and 
phosphoric  acids,  definite  crystalline  componnda. 

Some  of  the  moat  important  facts  with  regard  to  the  chemical 
reactions  of  cystine  have  been  recorded  by  Dr  Bence  Jones,  who 
for  the  first  time  showed  that  nitrous  acid  decomposes  it  with  the 
efolution  of  nitrogen,  and  that  in  this  operation  the  sulphur  which 
it  contained  is  oxidised  to  iiulphuric  acid,  whilst  a  noucryetalline 
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HUbetaDce  is  left  wbicb  ie  precipitable  by  nitrate  of  Bilver,  mercuric 
chloride,  as  veil  as  by  acetate  of  lead. 

The  cystine  used  in  om  experiments  wan  obtained  from  two 
portions  of  calculi,  one  of  which  waa  furnished  to  us  by  Professor 
Maclagan,  the  other  by  the  Royal  College  of  Surgeons  of  Edin- 
burgh. The  cystine  was  obtained  by  treating  the  pounded  calculi 
with  strong  liquor  ammoniie,  which  dissolved  the  greater  part,  and 
allowing  the  solution  to  evaporate  at  a  very  gentle  heat.  The 
cystine  which  separated  was  then  again  dissolved  in  ammonia  and 
recrystallised. 

Preparation  of  Hydrocklorate  of  Cystine. 

One  gramme  of  cystine  was  dissolved  in  boiling  hydrochloric  acid; 
on  cooling  beautiful  needle-shaped  crystals  separated,  which  were 
very  soluble  in  water.  "When  thoroughly  dried  in  vacuo  over  quick- 
lime the  crystals  were  found  not  to  be  readily  soluble  in  water.  0'05 
grm.  of  crystalline  hydrochlotate  of  cystine  yielded  0'0452  grm.  of 
AgCl,  corresponding  to  22'2  per  cent,  of  HCl  (Calcd.  22-5). 

Action  of  Nitrate  of  Silver  on  Cyttine. 

Cystine  was  dissolved  in  strong  solution  of  ammonia,  and  to  the 
solution  was  added  a  solution  of  silver  nitrate  in  ammonia.  No 
precipitate  occurred,  nor  did  the  solution  darken  in  the  cold.  When 
slightly  acidified  with  nitric  acid,  a  canary-yellow  precipitate  was 
thrown  down,  which  was  collected  and  dried  tn  vacuo.  The  fil- 
trate blackened  when  heated,  and  on  filtering  off  the  black  preci- 
pitate a  clear  colourless  solution  was  obtained,  which  was  not 
further  blackened  when  boiled  with  ammontacal  solution  of  oxide 
of  silver. 

On  analysis  the  substance  precipitated  proved  to  be  a  compound 
of  cystine  with  nitrate  of  silver. 

In  a  subsequent  esperiment  an  ammoniacal  solution  of  cystine 
was  boiled  with  an  ammoniacal  solution  of  nitrate  of  ailyer.  A 
black  precipitate  fell  which  consisted  of  sulphide  of  silver.  The 
filtrate  from  the  precipitate  of  sulphide  of  silver  was  subsequently 
treated  with  solution  of  chloride  of  ammonium  to  separate  the 
excess  of  silver.  The  solution  was  found  not  to  be  precipitated  by 
hydrochloric  acid  and  chloride  of  barium,  nor  by  sulphate  of  cal- 
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cium.  It  IB  therefore  evident  that  when  an  ammoniacal  solution  of 
cyBtine  is  heatdd  with  ammoniacal  Bolution  of  oxide  of  silver,  the 
sulphur  ie  separated  entirely  aa  sulpbide  of  silver,  oone  being 
oxidiBed ;  it  is  alao  obvious  that  no  oxalic  acid  is  formed. 

Action  of  Caustic  Soda  and  Caustic  Baryta  on  CysltTie. 

Cystine,  when  treated  with  pure  solution  of  pure  NallO,  and 
evaporated  in  a  silver  basin,  gives  a  reddish  fluid;  sulphide  of 
sodium  is  then  produced,  blackeniug  the  basin,  eud  ammonia  is 
copiously  evolved.  On  treating  the  residue  with  water,  neither 
sulphuric  nor  oxalic  acids  can  be  detected.  The  liquid  contains, 
however,  a  large  quantity  of  sulphide  of  sodium  with  a  mere  trace 
of  snlpbite. 

Cystine,  when  heated  to  150°  C.  with  solution  of  caustic  baryta  in 
sealed  tubes,  gave  off  ammonia,  a  largo  quantity  of  sulphide  of 
barium,  a  smaller  quantity  of  sulphite  of  barium,  and  a  (race  of 
hyposulphite  being  formed.  No  trace  of  sulphocyanide  could  be 
detected. 

Action  of  Alcoholic  Solution  of  Potash  on  Cystine. 
Cystine  was  heated  for  several  honrs  in  a  sealed  tube  at  130°  C 
with  an  alcoholio  solution  of  potash.  At  the  conclusion  of  the 
experiment  a  small  quantity  of  dark  sticky  matter  was  found 
adhering  to  the  tube,  which  contained  a  yellowish  fluid.  The  latter 
smelt  strongly,  of  ammonia,  which  was  separated  by  distillation. 
The  residue  was  acidified  with  dilute  sulphuric  acid,  and  shaken 
up  with  ether.  Ether  left  a  yellow  non-crystalline  substance, 
posseesed  of  an  indefinite  but  disagreeable  odour.  This  substance 
had  a  strong  acid  reaction,  and  was  found  to  contain  no  sulphur. 

Action  of  Nascent  Hydrogen  on  Cystine. 

When  cystine  is  added  to  a  mixture  of  tin  or  zinc  and  dilute 
hydrochloric  acid,  large  quantities  of  sulphurated  hydrogen  are 
given  off;  the  evolution  of  gas  gradually  slackens,  till  even  after 
the  action  has  gone  on  for  several  days,  traces  of  sulphuretted 
hydrogen  continue  to  be  given  off.  When  treated  in  the  same 
manner  taurine  does  not  evolve  H,S. 

It  is  to  be  noted  that  this  evolution  of  H^,  when  cystine  is 
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treated  with  tin  or  zinc  and  bydiochloric  acid,  might  bo  used  as  a 
test  for  the  Bubstance,  care  being  previous!;  taken  to  separate  any 
sulphide  which  might  exist. 

Action  of  Nitrout  Acid  on  Cystine. 

Cystine  was  placed  in  water  and  a  stream  of  nitrons  acid  gas 
pa^Bed  through  it.  No  action  took  place  until  the  water  was 
heated ;  it  then  cummeuoed  and  proceeded  briskly,  with  abundant 
effervescence,  until  the  whole  of  the  substance  was  dissolved. 

The  clear  solution  contained  a  large  quantity  of  sulphuric  acid, 
but  not  a  trace  of  oxalic  acid.  When  boiled  with  an  ammonlacal 
solution  of  nitrate  of  silver,  considerable  reduction  took  place,  a 
beautiful  mirror  of  silver  being  deposited  on  the  glass.  The  fluid 
was  again  subjected  to  the  actiou  of  nitrous  acid ;  still  no  oxalic 
acid  could  be  found,  and  the  reduction  of  an  ammoniacal  solution 
of  oxide  of  silver  continued.  A  portion  of  the  fluid  was  treated 
with  carbonate  of  barium  and  beated;  the  cipar  filtrate  liad  an 
alkaline  reaction,  and  was  abundantly  precipitated  by  nitrate  of 
silver  and  acetate  of  lead.  The  remainder  of  the  fluid,  after  the 
treatment  with  BaCO„  was  treated  with  solution  of  nitrate  of  silver. 
An  abundant  canary-yellow  precipitate  was  formed.  This  was 
snspended  in  water  and  decomposed  with  H,S;  the  filtrate  was 
evaporated  to  dryness,  and  presented  the  appearance  of  a  sticky 
solid.  It  was  soluble  in  water.  The  aqueous  solution  was  evapo- 
rated and  treated  with  absolute  ether,  which  dissolved  the  greater 
part.  The  ethereal  solution  left  on  evaporation  an  acid  fluid. 
Tliis  was  dissolved  in  water,  neutralised  with  ammonia,  and  pre- 
cipitated with  solution  of  nitrate  of  silver.  The  yellow  preclpltato 
obtained  was  amorphous ;  it  was  dried  in  vacuo.  Two  specimens  ol 
the  silver  salt  prepared  at  different  times  were  analysed  hy  us. 
The  following  are  the  results  of  two  analyses : — 

Silver,     .  569  57-5 

Carbon,   .  1943  21-32 

Hydrogen,  .  529  464 

In  considering  the  discrepancies  of  these  analyses,  it  must  be 
borne  in  mind  that  we  were  operating  in  excessively  small  quan- 
tities of  a  substance  prepared  at  different  times  by  couiplicaleit 
processes. 
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Remariet. 

Cramer  believed  that  cyetine  vas  intimately  related  to  the  body 
called  Serin,  CgH^NOj,  vhich  ia  obtained  as  one  of  the  products 
of  the  action  of  alkalies  on  silk.  Serin,  when  treated  with  nitroua 
aaid,  yields  glyceric  acid,  a§  alanine  under  the  same  circumstaucea 
yields  tactic  acid,  and  therefore  eerin  may  be  looked  upon  as 
am ido-gly eerie  acid. 

Cramer  further  believed  that  cystine  was  a  aulpho-amido-gly eerie 
acid,  I.e.,  serin  in  which  hydrosyl  has  been  replaced  by  HS. 

This  supposed  relation  is  exhibited  below — 


CH,OH 

CH,NH, 

OH,NH 

CHOH 

CHOH 

CHSH 

CO.H 

CO^ 

CO,H 

ycuric  Add. 

AJEido-glycCTic  Acid 

Cystino. 

Conaidering  that  thia  relation  of  cyatine  to  eerin  really  exists, 
some  have  argued  that  on  treatment  with  nitrons  acid,  cystine 
should  yield  glyceric  acid.  We  do  not,  however,  admit  that  this 
would  really  be  the  case.  If  we  examine  the  caee  of  Bulpho-lactic 
acid,  an  analogous  body  to  the  supposed  sulphur  derivative  of 
serin,  we  find  that,  on  oxidation,  it  gives  sulpho- propionic  acid, 
and  therefore  we  should,  in  the  case  of  cyatine,  expect  that  a 
snipho-acid  would  be  formed  on  treatment  with  nitrons  acid,  were 
it  built  up  as  Cromer  supposed.  We  have  uniformly  observed, 
during  the  conise  of  our  experimenta,  that,  however  carefully  we 
attempted  to  regulate  the  action  of  nitroua  acid  on  cystine,  or  of  a 
nitrite  on  a  salt  of  cystine,  the  sulphur  separated  as  sulphuric  acid 
thus  pointing  to  a  material  difference  in  its  reactions  from  what 
we  should  have  expected  from  its  supposed  constitution.  Although 
we  cannot  consider  our  experiments  as  definitive,  we  can  assert 
that  glyceric  acid  is  not  a  product  of  the  action  of  nitrous  acid, 
and  we  venture  to  predict  that,  in  all  probability,  cystine  will  be 
found  to  be  related  to  pyruvic  acid — to  be  an  am ido-aulpbo- pyruvic 
acid.  We  base  thia  aupposition  on  the  near  approach  of  the 
analyses  of  the  silver  salt  of  the  acid  obtained  by  the  action  of 
nitrous  acid  on  cyatine,  to  the  compoaition  of  a  pyruvate,  and  on 
tlie  general  character  of  the  oily  acid  produced. 

We  intend  to  pursue  thia  subject  further. 

VOL.  VII.  2  n 
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9.    Notes  from  the  Physical  Laboratory  of  the  University 
By  Professor  Tait.    (With  a  Plate.) 

After  passing  through  the  nenal  routiDe  work  of  acquiring  skill 
in  the  fundunsntal  operations,  several  of  my  students  have  re- 
mained long  enough  in  the  laboratory  to  make  investigations  in 
various  branches  of  Physics.  A  great  many  of  these  inquiries 
related  to  matters  already  thoroughly  known;  but  some  have 
claims  to  notice  as  dealing  with  subjects  on  which  our  information 
is  as  yet  incomplete.  These  I  propose,  from  time  to  time,  to  lay 
before  the  Society.  Their  value  as  Bcientific  results  must  depend 
on  the  skill  and  caie  of  the  experimenters.  For  the  forms  of 
apparatus  employed,  and  the  mode  of  conducting  the  experiments, 
I  am,  in  most  cases,  reiponsible. 

(1.)  Mi  J.  F.  Nichol  has  made  a  long  series  of  experiments  upon 
the  Radiation  and  Convection  of  Heat,  mainly  to  determine  the 
amount  of  radiation  is  absolute  measure,  but  incidentally  with  a 
view  to  finding  how  convection  varies  with  the  density  of  the  air. 
The  following  is  a  prelimiaary  notice  of  his  work.  The  radiating 
body  was  a  thin  spherical  shell  of  copper,  filled  with  hot  water. 
Its  surface  was  sometimes  bright,  sometimes  covered  (by  means  of 
photographic  varnish)  with  lamp-black.  It  was  auapended  by  fine 
wires  in  a  metallic  vessel,  which  was  blackened  interaally,  fitted  with 
a  pressure-gauge,  surrounded  by  cold  water,  and  connected  with  an 
aii-pump.  An  iron  cup  was  let  into  the  top  of  the  shell,  and  con- 
tained a  little  mercury  surrounding  the  bulb  of  a  thermometer 
whose  stem  ascended  in  a  glass  tube  which  was  inserted  in  the  lid 
of  the  closed  vessel.  Considerable  trouble  was  caused  at  first  by 
the  water  leaking  out  of  the  shell  when  its  temperature  was  high 
and  the  vacuum  good— but  in  the  later  experiments  this  was 
entirely  got  over. 

As  it  was  suspected  that  a  difference  of  thickness  of  the  lamp- 
black coating  might  influence  the  amount  of  radiation,  the  mode  of 
experimenting  finally  adopted  was  to  alter  the  air  pressure  in  the 
vessel  from  time  to  time ;  first,  for  instance,  half  an  hour's  cooling 
at  100°™,  then  half  an  hour  at  200°",  then  at  100°",  and  so  on. 
But  the  portions  of  the  curves  of  cooling  thus  found  on  separate 
days  fitted  well  together  into  a  single  continuous  line,  as  is  seen  in 
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the  comer  of  the  diagram,  irbere  the  dotted  linee  belong  to  ooe 
day's  experiments,  and  the  double  lines  to  those  of  another  day. 

The  Dumbera  (H)  given  in  the  following  table,  which  is  formed 
bommeans  of  many  experiments,  and  which  is  shown  graphically  in 
the  diagram,  express  in  grains  the  quantity  of  water  which  would 
be  heated  1°  Centigrade  by  the  heat  lost  (by  radiation  and  con- 
vection jointly)  by  one  square  inch  of  eurface  in  an  hour,  its 
temperatuie  being  kept  constant.  With  the  apparatus  employed) 
it  was  not  easy  to  keep  the  pressure  lower  than  10™°;  but  the 
curves  for  different  pressures  show  that  in  this  case  the  convection 
must  be  small,  so  that  (roughly)  we  may  take  the  numbers  given 
for  that  pressure  as  representing  the  radiation  alone. 
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(2.)  Mr  A.  Brebner  made  daring  laal  winter  a  nnmber  of  careful 
detenniDatione  of  the  polarieation  of  electrodes  of  various  materials 
ia  commercial  snlphuric  acid  of  various  strengths  and  at  various 
temperatures.  The  proceea  employed  was  eesentially  the  same  as 
that  described  b;  me  iu  the  Proceediags  B.S.E.  for  Ua?  31, 1869. 
The  following  are  means  of  many  experiments : — 

Platinum  Electrodes. 

ciil  to  Tempera-      Palsrifa- 


1 :  20,      i       44°     -i    167 
158 


1:0,         {      102°     i    187 
137 


K  f 

56°  {  : 

90°  I  : 

7°  f  : 

66°  i  : 

134°  (  ; 

K  \  ■ 

n  I  : 


The  reeults  of  such  experiments  cannot  be  expected  to  be  very 
accordant,  but,  If  the  means  above  given  may  be  tniBtod,  the 
polarisation  is  lesB  for  1  acid  to  20  water  than  for  either  stronger 
or  weaker  acide ;  and  it  aleo  falls  off  more  slowly  with  increase  of 
temperature. 

(3.)  MesAs  F.  W.  Meik  and  J.  Murray  made  many  observations 
with  an  electric  balance,  and  resistance  coils,  to  test  the  change  of 
electric  resistance  produced  in  a  wire  by  extension.  The  wires 
tested  were  of  two  specimens  of  copper — one  of  high,  the  other  of 
very  low,  conducting  power.  They  were  taken  of  equal  gauge  and 
of  such  lengths  as  to  have  almost  equal  resistance ;  one  was  associ- 
ated with  a  10  BA.  Unit  coil  as  one  side  of  the  balance,  the  other 
had  aeaociated  with  it  a  box  of  resistance  coils  initially  set  at  10 
B.A.U.  The  value  of  the  galvaoometric  scale  was  determined  in 
each  experiment  by  increasing  by  a  small  known  amount  the 
resistance  of  the  coils  in  circuit.  The  results  are  not  yet  quite 
reduced ;  as  we  require  to  know  the  linear  extension,  and  (if  possible), 
the  cubical  contraction,  of  each  wire  produced  by  the  appended 
weights.  But,  even  in  their  present  state,  they  appear  to  be  of 
some  consequence,  as  they  show  changes  of  conducting  power  almost 
exactly  proportional  to  the  weights  appended,  hut  singularly  differ- 
ing in  absolute  amonnt  for  these  dissimilar  specimens  of  copper. 
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The  foEowiag  Donations  to  the  Society  were  anuounced  : — 

Agaseiz  (Louis).  Address  delivered  on  the  Centetinial  Anniver- 
wr;  of  the  Birtli  of  Alexander  von  Humboldt,  under  the 
auspices  of  the  BostoQ  Society  of  Natural  History.    Boston, 

1869.  8vo.— J'rom  the  Author, 

Contribntione  to  the  Fauna  of  the  Gulf  Stream  at  Great 

Depths.     Cambridge,  Uass.     8to, — From  the  Author. 
>  Report  upoD  Deep  Sea  Dredgiogs.     Cambridge,    Mobs. 

8vo. — From  the  Author. 
Allen  (J.  A.).    Mammalia  of  Massachusetts.    Cambridge,  Mass. 

8to. — From  the  Author. 
fiolfonr  (Professor).    Description  of  Hicracium  coUinum  of  Frie», 

a  new  British  Plant.    8vo.— JVom  the  AuUtor. 
fiorclay   (Joseph   Gumey).     Astronomical    Observations   taken 

during  the  years  1865-69,  at  his  Private  Observatory.    Vol. 

IL    London,  1870.    4to.— JVom  (Ae  AmOwt. 
Botten-Hansen  (Paul).      La  NorvSge    Litteraire.      Ghriatiania, 

1868.  8vo.— JVom  the  Author. 

Brink  (B.  Ten).     Levensbeschrijving   van  Rijklof  Michael  van 

Goens.    Utrecht,  1869.    8vo.— fVtim  the  A^hor. 
Bristow  (H.  W.)  and  Whitaker  (Wm.).    On  the  Formation  of  the 

Cbesil  Bank,  Dorset.    Svo. — From  the  Authori. 
Gaapari  (Dr  le  P.).  Dngednickte  nubeachtete  und  wentg  beachtete 

Quellen  zur  Geschichte  des  Taufsymbols  und  der  Glaubens- 

legel.     Obristiania.     Sto. — From  the  Author. 
Chatelier  (M.  L.  Le).    Railway  Economy.    Translated  by  Lewis 

D.  fi.  Gordon.      Edinburgh.  1869.      8vo.— JVom  the  Trant- 

Day  (St  John  Vincent).    On  Patents  for  Inventions.    Glasgow, 

1870.  8vo.— From  the  Avthor. 

Dircks  (Heniy),  C.E.,  LL.D.  Patent  Monopoly,  as  represented  by 
Patent  Law  Abolitionists,  impartially  examined,    London, 

1869.  8vo.— Bwn  the  Author. 

Scientific  Studies,  two  Popular  Lectures.     1.  Morqnis  of 

Worcester.    2.  Chimeras  of  Science.     London,  1869.     Svo. 
— From  the  Author. 
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Dircks  (Henry),  C.E.,  LL.D.  ffatnio  Study.  LondoD,  1869.  8vo. 
— From  the  AtUhor. 

The  Policy  of  a  Patent  Law.     London,  1869.    8vo. — JVom 

the  Author. 

Fajrer  (Dr  J.)  H.B.H.  The  Duke  of  Edinburgh  in  India.  Cal- 
cutta, 1870.     ito.— From  the  Author. 

G-omgee  (Dr  Arthur).  Researches  on  the  Blood. — On  the  Action  of 
Nitrites  on  Blood.    4to.— JVom  the  AuAor. 

On  Force  and  Matter  in  Belation  to  Organisation.  Edin- 
burgh, 1869.     Bvo.—From  the  Author. 

Crhiiardini  (Alessandro).  Studj  suUa  Lingua  Umana  sopra  alcnno 
Antiche  Inscriztoni,  e  aulla  Ortografia  Italiana.  Uilano, 
1869.     8vo.—From  the  Author. 

Giltay  (Dr  K.  M,),  Credachtenisviering  von  het  honderdjarig 
bestaan  von  het  Bataafech  Genootachap  der  Fioefondervinde- 
lijke  Wijsbegeerte  te  Botterdam  1769—1869.  Rotterdam, 
1869.     ito.-— From  the  AtUhor. 

Gore  (G.),  F3.S.  On  Hydrofluoric  Acid.  From  the  Transactions 
of  the  Boyal  Society  for  1868.    ito,— From  the  Avihor. 

Gorresia  (Gaspare).  Sunti  dei  Lavori  Scientifici  letti  e  discussi 
nellaClaase  di  Scienze  Morali,  Stoiiche  e  Filologiche.   Torino, 

1868.  8ro.—From  the  Author. 

Gould  (Benjamin  Apthorp).  Investigatioufi  in  the  Military  and 
Anthropological  Statistics  of  American  Soldiers.    Kew  York, 

1869.  8vo. — From    the    United    State*    Sanitary    Commie- 

Haockel  (Dr  Eruat).    EntwiokelnngBgeBchlchte  der  Siphonopboren. 

Utrecht,  1869.     ito.—From  the  Author. 
Harris  (Thaddeus  William),  M.D.,  Entomological  Correspondence 

of.    Edited  by  S.  H.  Scndder.    Boston,  1869.    8vo.— From 

the  Boston  Soaely  of  Natural  History. 
Hasskarl  (Carolo).    Commellnacere  Indicae,  impiimis  Archipelagi 

Indioi.    Vindobocae,  1870.    8vo. — From  the  Author. 
Haswell  (James).     On   (Columnar  Structure  developed  in  Mica 

Schist,  from  a  Vitrified  Fort  in  the  Eyles  of  Bute.    8vo. — 

J'rotn  the  Author. 
'  Notice  of  Sandetone,  now  in  the  course  of  formation  at 

Blie,  Fifeshire.     Svo.— i^rom  the  Author. 

DiqitlzscbyGOOqlC 


o/Edinburgh,  Session  1869-70.  211 

HeDwood  (William  Tory),  F.E.S.  Addrese  to  the  Boyal  Institu- 
tion of  Cornwall.     Penzance,  1869.     8vo. — From  th«  AtiAor. 

Hertzberg  (Ebbe).  En  fremstilling  af  de  norske  AriBtokratis  bia- 
torie.     Christiania,  1869.     Svo. — From  the  Author. 

HoffmaD  (Dr  C.  K.),  und  H.  Weyenbergh  (J.).  Die  oeteologie  nnd 
myologie  von  Sciurne  Tulgarie  L.  Haarlem,  1870,  4to. — 
From  the  Authon. 

Lea  (Isaac),  LL.D.  ObservatioDS  on  the  Genus  TJnio,  together 
with  Desciiptions  of  new  Species  in  the  Family  Unionidffi, 
and  Descriptions  of  new  Species  of  the  Melanidn  and  Falu- 
din»,  with  26  Plates.  Vol.  XII.  Philadelphia.  ito.—Fnm 
the  Author. 

LSvgque  (O.).  BeoheTches  sar  I'Origine  dee  Oanloia.  Paris,  1869. 
8to. — From  the  Author. 

Lindfltrom  (0.).  Om  Gotlande  Nutida MoUusker.  Wieby,  1868. 
Svo. — From  the  Author. 

LinnarsBOD  (J.  G^.  0.).  On  some  Foasils  found  in  the  Eopbyton 
Sandstone  at  Lngnas  in  Sweden.  Stockholm,  1869.  8vo. — 
From  the  Author. 

Littrow  (Carl  tod).  Ueber  das  Zorlickbleiben  der  Alten  in  den 
Natnrwissenschaften.  Wien,  1869.  8to.  —  From  tht 
AiUhor. 

Logan  (Sir  W.  E.).    Geological  Map  of  Canada,    1866. 

LoTen  (Af.  S.).  Om  en  marklig  i  Nordajon  lefvande  art  af  Spongia. 
Stockholm.     8to. — From  the  Ai^hor. 

Lowe  (E.  J.).  Natural  Phenomena  and  Chronology  of  the  Sea- 
sons.    London,  1870.     8ro. — From  the  Author. 

Martina  (Ch.),  et  Chnncel  (Gr.).  Des  Ph^nom^neB  Physiques  qui 
accompagnent  la  rupture  par  la  Congelation  de  I'Eau  des 
Projectiles  Creui  de  divers  calibrea.  Hontpellier,  1870.  4to. 
— ^rotn  the  AulAora. 

Ueisansr  (C.  F.).  Denkachrift  auf  Carl  Friedr.  von  Martins. 
Munich,  1869.     4to. — From  the  Author. 

Mohn  (H,).  TempSrature  de  la  mer  entre  I'lalande,  rEcosae  et 
la  NorvSge.     Christiania,  1870.     Svo.~-From  the  Author. 

Morris  (John).  Lead-bearing  Districts  of  the  North  of  England, 
London,  1869,     Svo. — From  the  Oeologitis'  Amoeialion. 


byGooqlc 


212  Proceedings  o/ihe  Royal  Society 

UneUer  (FerdinsDdus  de).    Fragmenta  Phytogrftpbiee  Aostralie. 

Vol.  VI.    Meibonme.    8vo.— From  Ae  Auihor. 
Mnir   (J.),    D.C.L.,   LL.D.     OrigiDal   SaDskrit  Texts   on    the 

Origin  and  Histor;  of  the  People  of  India.    Vol.  V.    Lon- 
don, 1870.     8vo.— From  the  Avikor. 
MuIHdb  (J.  D).    Catalogue  of  the  Befetence  Department  of  the 

Birmingham    Free    Lihrariee.     Birmingham,   1869.    8vo. — 

Frvm  the  Author. 
Nordenakiold  (A.  £.).    Sketch  of  tho  Geology  of  Spitzbergen. 

Stockholm,  1867.    Svo.— From  the  Author, 
Orlandini  (C.  0.)    Bivelazioni  Asttonomiche  agginnte  alia  Decla- 

mazione  Filosofica.    Bologna,  1869.    8vo. — From  the  AtUhor. 
Petere  (Dr).    Beport  on  the  Longitude  of  the  WeBtem  Boundary 

Line  of  the  State  of  New  York.    Albany,  1868.    8vo.— From 

the  AtUhor. 
Flantamoui  (E.).    B@eumS  M^tSorologiqne  de  I'annfe  18G8,  pour 

Geneve  et  le  Grand  Saint  Bernard.    Geneve,  1869.    8to. — 

From  the  AtUhor , 

Nivellement  de  Precision  de  la  Suieee.      Genfive,  1870. 

8to. — From  the  Auihor. 

Plaseller  (Dr  J.).  Compendium  Stenographite  Latinte.   CEniponte, 

1868.     8vo.~From  the  Auihor. 
PourtaleB  (L.  F.  de).     ContributioDB  to  the  Fauna  of  the  Gulf 

Stream  at  Great  Depths.     (Second  Series.)     Cambridge,  Masfi. 

1868.     8vo.—From  the  Author. 
Preetel  (Dr  M.  A.  F.).    Das  Geaetz  der  Winde  abgeleitet  ans  dem 

Auftretenderselben  iiber  Nordwest-Europa.       Emden,  1869. 

4to. — From  the  Author. 
Qnetelet  (Ad.).    Note  sur  I'Anrore  Bor^e  du  6"  Ootobre  et  lea 

OrageB  de  1869.     BruBsels.     8vo. — From  the  Author. 

Physique    Sociale    ou    Esaai    am    lo    DSveloppement 

des  Facult^B  de  I'Homme.    BniBselB,  1869.    8to. — From  (A« 
Author. 

Sar  leB  OrageB  observes  en   Belgique  pendant   rAucle 

18G8,  et  le  premier  Trimestre  de  1869.    Bruasels.      8vo. — 
From  the  Author. 

Siir  IcB  fitoiles  Filantes  du  mois  d'Aont  1869,  obBervfies 

&  BnixelleB.     8vo. — From  the  Author. 

DiqitlzscbyGOOqlC 


0/ Edinburgh,  Session  1869-70.  213 

Qaetelet  (Eni.)    Notices  anr  les  AnroreB  BorSales  des  15  Avril  et 

18  Hai  1869.    BruBsele,  1869.    8vo.—Fnm  the  Author. 
Bealis,  (M.  S.).     Note  anr  le  Nombre.     Paris,  1669.    6vo.—From 

Ike  Author. 
Begoault  (H.  V.),    Belation  des  Expgriences  pour  detirminer  les 

loiB   et    les   donD^ea  FhfBiquea   necesaaiieB   an  calonl   des 

Machinea  a  Fen.    Paris,  1870.    4to.~-From  the  Avthor. 
Bein  (Di  J.  J.),    Berioht  aber  die  Senckenbergisohe  Natnrfor- 

•obende  Geeellechaft  in  Frankfurt  om  Main.    1869.    8vo.— 

From  the  Author. 
"  Research."  Earth,  True  Theory  of  the.  Edinbnrgh,  1869.  8to.— 

From  the  Author. 
Report  on  Measnres  adopted  for  Sanitary  ImprovementB  in  India 

during  the  year  1666,  and  up  to  the  month  of  June  1869. 

London,  1869.    Fol— From  Dr  Morthead. 
Bisfen    (Hartng).      StoIeT89fenets    Ordnung   i    MaEsachusettH. 

Christiania,  1868.     8ro. — From  the  Author. 
Boy  (Alphonse  le),    L'TTniversitS  de  LiSge  depuia  sa  fondation. 

Li^,  1869.     8vo.— from  the  Author. 
Settimanni    (Capt.  C^aar).     D'une    seconde  Nouvelle  Mfithode 

pour  dgterminer  )a  Parallaxe  dn  Soleil.      Florence,  1870. 

6to. — from  the  Author. 
Sexe  (S.  A.).    Le  Glacier  de  Boinm  en  Jnillet  1868.    Christiania, 

1869.     4to—from  the  Author. 
Smith  (Dr  John  Aleiander).    Notice  of  Bemains  of  the  Bein- 

deer  (Cervui  tarandui),  found  in  Boss-ahire,  &c.,  with  Notes 

of  ite  occurrence  throughout  Scotland.     Fdinburgh,  1869. 

8to. — From  the  Author. 
Snellaert  (F.  A.).     Nederlandsche  Qedichten  nit  de  veertiende 

eeiiw  van  Jan  Boendale,  Hein  van  Aken,  en  anderen.   Brussels, 

1869.     Bvo.—From  the  Author. 
St&I  (Carolns).      Hemiptera  Africana.     Tom.  L-IV.     Holmite, 

1864.     8vo.— JVom  the  Author. 
Steen  (Adolpfa).     Om  Integrationen  af  Differenttalligninger,  der 

fore  til  Additionstheoremer  for  transcendente   Funktioner. 

Copenhagen,  1868.  4to. — From  the  Royal  Academy  of  Sdencet, 

Copenhagen. 


byGooqlc 


214  Proceedings  of  the  Royal  Society 

SteTensoD  (David),  F.R.S.E.  Altered  Regulations  of  British  and 
Foreign  Indnetries  and  Mannfactures ;  the  Cause  and  the 
Cure.  An  AddreBS  to  the  Boyal  Scottish  Society  of  Arts  on  8tli 
November  1869.     Edinburgh,  1869.     8vo.— ^n>m  Oie  Author. 

Stirling-SIaxwell  (Sir  Wm.),  Bart.  Address  to  the  Students  of 
the  School  of  Arts,  Edinburgh,  under  charge  of  the  Hon.  the 
Commissioners  of  the  Board  of  Uannfactures,  at  the  delivery 
of  Prizes,  January  13, 1870.    8vo.— JVwm  the  Aitihor. 

Strecket  (Adolph).  Jahresberioht  nber  die  Fortschritte  der 
Chemie,  <&c.,  fur  1868.  Heft  2.  aiessen.  8vo.— front  the 
Editor. 

StruYo  (Otto).  Jahresbericht  am  6  Juni  1869  dem  Comit6  der 
Nicolai-HauptBtemworte.  St  Petersburg,  1869.  Svo, — From 
ih«  AuStoT. 

•  Tabube  QuaBtitatum  Besselianarum  pro  annis  18Sl)  ad 
1810  compntataa.  Petropoli,  1869.  8vo.  —  From  the 
Author. 

Studet  (B.).    Erianterungen   zut  zweiten  Ausgabe  der  Geologi- 

schen  Karte  der  Schweiz  von  B.  Studer  und  A.  Escber.    Win- 

terthnr,  1869.     8vo. — From  the  Authors. 
Sundevall  (Carl  J.).     Die  Thierarten  des  Aristoteles  von  den 

Elassen   den   Saugethiere,    Vdgel,   Reptilien  und  Ineekteo. 

Stockholm.     Svo. — From  the  Author. 

•  Conspectus  Avium  Picinarum.  Stockholm,  1866.  Svo. 
— From  the  Author. 

Suringar  (W.  F.  B.).    Alg»  Japonicce  Musei  Botanici  Lngduno. 

Batavi.     Svo. — From  the  Author. 
Synnestvedt  (A,  S.  D.).     En  Anatomisk  Beskrivelse  af  de  par 

over-ag  Underextremiteteme  forekommende  Bursas  mucosse. 

Christiania,  1S69.     4to. — From  the  University  of  Ckristiania. 
Toynbee  (Capt.  Henry).    On  the  Meteorology  of  the  North  At- 
lantic between  the  Parallels  of  40°  and  50°  North.    London, 

1869.     8vo.— From  the  Author. 
On  the  Use  of  leoharic  Curves.    London,  1869.     Svo. — 

From  Ike  Author. 
Tiirbiglio  (S3bestien).    L'Empire  de  la  Logique,  Eseai  d'un  Nou- 

veau  Syatfime  de  Philosophie.    Turin,  1870.    Svo.— from  the 

Author. 

DiqitlzscbyGOOqlC 


o/Edinhvrgh,  Session  1869-70.  215 

Cnger  (C.  R.).    Thomas  Saga  ErkibyBkupa-FortaslIing  om  Thomaa 

Becket  Erkebiskop  af  Canterbnry  to  Bearbeidelsei  Saint  ftag- 

menter  sf  en  Fredie.      ChriBtiania,  18G9.     8vo. — From  the 

Author, 
Tignoles  (C.B.).    Address  on  his  Election  as  President  of  the  In- 

stitation  of  Civil  Engineers,  Session  1869-70.    London,  1870. 

8vo. — From  the  Attthor. 
Vigorniensia.    An  Historical  Eeview  of  the  Nature  and  Besults  of 

Vaccination  as  unfolded   in    Dr   Baron's    Life  of   Jenoer. 

Cheltenham,  1869.     8vo.— -From  ihe  Author. 
Togel  (August).     Dber  die  EotwickluDg  der  AgriknltuTchemie. 

Munich,  1869.     ito.—From  the  Author. 
Wallis  (S.  T.).    Discourse  oa  the  Life  and  Character  of  George 

Peabody-      Baltimore,  1870.      8vo. — From   the   Peabody  In- 

Hitute. 
Waterhouse  (Lient.  J.).    Beport  on  the  Cartographic  Applications 

of  Photography,     Calcutta,  1870.     8vo. — From  the  Author. 
Watson-Wemyss    (Alexander),  M.D,      On   the  Construction  of 

Hospitals  for  the  Sick  and  Hurt.    Edinburgh,  1870.    8vo. 

— From  the  Author. 
Will  (H.).    Jahiesbericht  iiber  die  Fortschritte  der  Chemie,  etc. 

fur  1 867,  Heft  2,  3 ;  1868,  Heft  1,  2.  Giessen.    8vo.—From 

(he  Editor. 
Wiiflon  (Efibert).    The  Screw  Propeller,  who  Invented  it?    G-las- 

gow,  1860.     8to. — From  the  Author. 
Wiltshire  (Bev.  Thos.).     On  the  Chief  Groups  of  the  Cephalopoda. 

1869.     8to. — From  the  QeologUtt'  Attociation,  London. 


TsANBAOHOHa  AND  FBOCKXniNaS  0>   SOCIBTIXB,  ACADXUIEB,  &0. 

Amsterdam. — Jaarboek  van  der  Eoninklijke  Akademie  van 
Wettenschappen  gevestigd  te  Amsterdam.  1868.  8vo. 
— From  the  Academy. 
Piocessen-verbaal  van  de  Gewone  vergadering  der  Son- 
inklijke  Akademie  van  Wettenschappen;  Afdeeling 
Natuurkunde,  van  mei  1668,  tot  en  met  April,  1669.  8vo. 
— From  the  Academy. 


byGooqlc 


216  Proceedings  of  the  Royd  Society 

Amtlerdam. — Yerbandelmgen    der    Soninklijke   Akademie    ran 

Wettenschappen.    Deel  IV.    4to. — From  ihe  Aeademt/. 
Verslagen  en   Mededeeliagen  der  Eoninklijke  Akademie 

TftD  WetteUBofaappen.  Natnnrkaade.    Deel  III.    8to. — 

from  the  Academy. 
Baltimore. — Address  of  the  President  to  the  Board  of  TntBtees  of 

the  Peabody  Institute.    1870.    Svo.— From  the  ImtttiUe. 
Third  Annual  Report  of  the  Provost  of  the  Peabody  Insti- 
tute to  the  Board  of  Trostoes.    8vo. — From  the  Twttiide. 
Batel. — YerhaudlnngeQ  der  NaturforschendenGesellschaft  in  Basel. 

Funfter  Theil,  Zweitee  Heft.    Sio.—From  Hie  SoeUiy. 
Berlin. — Abhaudlnngen  der  Sdniglichen  Akademie  der  Wiesen- 

schaften,    1868.    4to. — From  the  Academy. 
Die  Fortschritte  der  Physik  im  Jahre  1866,  dargestellt  Yon 

der  PhysikaliBcheu  Gresellschaft  zu  Berlin.      Jahrgang 

SXII.     Svo.—From  the  Society. 
Monatsbericht  der  Edniglich  FreuBsischen  Akademie  der 

WiaseuBchaften,  March,  April,  Mai,  Juni,  Juli,  August, 

September,  October,  November,  December,  1869.    Januar, 

Februar,   Marz,    April,   Mai,     1870.     Svo.— From   tte 

Academy. 
Bern. — Mittheilnngen  der  Natnrforschenden  GeeellBchaft  in  Bern, 

auB  dem  Jahre  18S8.    Nos.  654-683.    8to.— JVom  ffte 

Society. 
Birmingham. — Beport  of  the  Free  Libraries'  Committee,  Bimiog- 

ham,  for  1869.    8vo. — Fhm  the  Committee. 
Bologna. — Archivio  per  la  Zoologia,  I'Anatomia,  e  la  FiBiologia. 

Serie   II.   Vol.   I.   Vol.   II.,   Fasc   1.  8vo.— from   the 

Editors. 
Bordeaux. — M6moires  de  la  Soci£tS  dee  Sciences    Physiques  et 

Natnrelles  de  Bordeaux.    Tome  V.  No.  4.    Tome  YII. 

S^o.^From  the  Society. 
Bofton. — ^Memoirs  of  the  Society  of  Natural  History.  Vol.1.   Fart 

4.     4to. — From  the  Society. 
Proceedings  of  the  Society  of  Natural  History.    Vol.  XII. 

Pages  1  to  272.     8vo. — From  the  Society. 
Occasional  Papers  of  the  Society  of  Natural  History.    No, 

1.     1869.     Svo.— From  the  Society. 

DiqitlzscbyGOOqlC 


0/Ediabargh,  Seaaion  1869-70.  217 

Bo^on.—AnavtA  Beport  of  th«  Tnutees  of  the  Unsenm  of  Gom- 
paratiTo  Zoology.    1668.    Svo.— Front  the  Trutteet. 

Balletin  of  the  Publlo  Library.    Nos.  10-14.    Bvo.^From 
ihe  Library. 
BrutteU. — AuDaaire   de  TAcad^mie    Bojale    dee    Sciences,  des 
Lettres  et  des  Beauz-Arte  de  Belgiqae.     1870.     12mo. — 
From  the  Academy. 

Annuaire  de  rObaervatoito  Boyal  de  Bruzelles,  par  A 
Quetelet.     1870.     12mQ.—From  the  Ohttrvatory. 

Bnlletin  de  TAcadgmie  Boyale  des  Sciences  des  Lettres  et 
des  Beanx-Arts  de  Belgiqne.  Tome  XXVII. ;  Tome 
XXVIII. ;  Tome  XXIX.  Nos.  1-6.  Svo.—From  the 
Academy. 

Obserrations  des  Ph6nom6nes  PSriodiques  pendant  les 
Annees  1867  et  1868.    ito.—From  the  Royal  Academy. 

Annales  de  rObservatoire  Boyale  de  Bmxelles  publics 
aux  fraia  de  I'Etat,  par  le  directeur  A.  Qnetelet.  Tome 
XIX.     4to. — From  the  Observatory. 

Mfmoiree  couronn£s  et  M^moires  des  Savants  Etrangers, 
publite  par  TAcadftmie  Royale  des  Sciences,  des  Lettres 
et  des  Beanx-Arts  de  Belgiqne.  Ho. — From  the  Aca- 
demy. 

Ufimoires  couronnSa  et  autre s  M6moiree,  pnhli€s  par 
1' Academic  Boya]e  dee  Sciences  des  Lettres  et  des  Beaux- 
Arts  da  Belgiqae.  Tome  XXI.  6vo.—From  the 
Academy. 
Cafoutta.— Journal  of  the  Asiatic  Society  of  Bengal.  Fart  I. 
No8.  1-4;  PartlL  Nos.  2-4;  18G9.  Part  L  No.  1; 
Part  II.  No.  1 ;  1870.   6vo.—-From  the  Society. 

Proceedings  of  the  Asiatic  Society  of  Bengal.  Nob.  2-11, 
1869.     Nos.  1-4,  1870.     Sto.— /Vom  the  Socidy. 

Annual  Beport  of  the  (Holcgical  Surrey  of  India,  and  of 
the  Museum  of  Geology  for  1867.  8vo. — From  the 
Survey. 

Uemoire  of  the  Geological  Surrey  of  India.  Vol.  VI. 
Part  III.    8to. — From  the  Survey. 

Memoirs  of  the  Geological  Surrey  of  India,  Pala»nto- 
logia.     Vol.  V.  Parts  V.-X.     4to.~From  the  Survey. 

DiqitlzscbyGOOqlC 


218  Proceedings  oftko  Royal  Society 

Calcutta. — Records  of  the  Geological  Survey  of  India.    Vol.  I. 

Parta  I.-I1I.  1868 ;  Vol.  II.  Part  1. 1869.     8yo.— from 
the  Survey. 
Cambridge. — Proceedings  of  the  FhiloBophical  Society.    PartB  3-6. 

Bvo. — From  lh«  Socidy. 
Transactions  of  the  FhiloBopbical  Society.    Vol.  XI.  Part 

2.     ito. — From  the  Society. 
Cambridge  (V.  S.). — ProceediogB  of  the  AmericaD  Academy  of  Arts 

and  Sciencea.     Vol.  VII.     8vo. — From  the  Academy. 
Proceedings  of  the  American  Association  for  the  Advance- 
ment of  Science.      Sixteenth  Meeting.    1867,    8to. — 

From  the  Agsociation. 
Christiania. — Flateyjarbok  en  Samling  af  Norake  Kongl.  Sagaer, 

&c.     1868.     Svo.—From  the  Society. 
Forhandlinger  i  Videnskabs-Selskabet.    Aar  1868.    8vo. — 

From  the  Society. 
Forbandlinger  ved  de  Skandinaviske  Natnrforskeres,  Tiende 

mSde,    fra  den  i",    til  den  10'^  Juli  1868.     8vo.— 

From  the  Sooiety. 
Det  Eongelige  Norste  Frederiks-Universitets  Aarsberetning 

for  1868.     8vo. — From  the  Univeraity. 
Norak   Meteorologisk   Aarbog  for   1868.      Aargang.    II. 

4to.— /Vom  the  Meterological  InstittUe. 
Korske  TTniversitets-og-Skole,  Annaler  udgivne  af  Univer- 

sitets  Secretair,  Mai  1869.     8vo. — From  the  University. 
Nyt  Hagazin  for  Naturvidonskabeme.    Bind  ZVI.  Hefte 

1-3.     1869.     8vo.— from  the  Royai  Univcnity  of  Nor- 
way. 
Cinei»nati. — Annual  Address,  delivered  in  1845,  before  the  As- 
tronomical Society    by  E.  D.    Mansfield,  Esq.      8vo. — 

From  the  Society. 
Annnal  Beport  of  the  Director  of  tbe  Observatory.    1869. 

8vo. — From  the  Observatory. 
An  Oration  delivered  before  the  Astronomical  Society,  by 

J.  Quincy  Adams.     8vo. — From  the  Society. 
Copenhagen. — Det    Kongelige    danske   Videnskabemes  Selekaba, 

Skriftei,  femte  Btekke.    1869-70.    ito.— From  the  Royal 

Academy  of  Sciences. 
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Copenhagen. — Ovoreigt  over  det  Kongelige  daneke  VidenHkabemea 

Selskabs  Forhandlinger  og  dets  Medlemmers  Arbeidei  i 

Aaret,  1867,  Nos.  6,  7;  1868,  Nob.  1-4;  1869,  Nos.  1,  2, 

3,  5.     Kjobenhavn.     8vo. — From  ihe  Royal  Academy  of 

Scienca. 
DuMin. — Jouroal  of   the  fioyal   Geological  Society  of   Ireland. 

Vol.  II.,  Parts  1,  2.     8vo.— IWrni  the  Society. 
ObBerrationB  made  at  the  Uagnetical  and  Meteorological 

ObBervatory    at  Trinity    College.      Vol.    II.    1844-50. 

Dublin,  1869.    4to.— JVom  (A«  College. 
Proceedings  of  the  Boyal  Irish  Academy.    Vol.  X.  Parts 

1-3.     8vo. — from  the  Academy. 
TiaDsactione  of  the  Boyal  Irish  Academy.    Vol.  XXIV.; 

Science,  Parts  9-15 ;  Polite  Literature,  Part  4;  Antiqui- 
ties, Part  8,     4to. — From  the  Academy. 
£({tn&ur(rh.— Thirt^eenth  Annual  Beport  of  the  fiegistrar-Greneial. 

1869.     8to.— From  the  Regittrar-Oeneral. 
Quarterly   Betuin  of  the   Births,  Deaths,  and   Marriages 

Begistered  in  the  Divisions,  Counties,  and  Dietticts  of 

Scotland.     Nos.   58   to   61.     Monthly  Beturns  of  the 

same,  July  to  December  1869,  Jannary  to  June  1870. 

8to. — From  the  Regitlrar-Oeneral. 
Transactions  and  Proceedings  of  the  Botanical   Society. 

Vol.  X.  Port  1.     8to.— From  the  Society. 
Transactions  of  the  Geological  Society.    Vol.  I.  Fart  3. 

8vo. — From  the  Society. 
Transactions  of  the  Highland  and  Agricultural  Society  of 

Scotland.     No.  5.     8vo. — From  the  Society. 
Forty-Second    Annual    Beport   of    the    Council    of   the 

Boyal  Scottish  Academy  of  Painting.     Sro.~-From  the 

Academy. 
Transactions  of  the  Eoyal  Scottish  Society  of  Arts.     Vol, 

VIII.  Part  1. 
Journal  of  the  Scottish  Meteorological  Society.    Nos.  21- 

26.     8vo.—From  the  Society. 
Frankfort. — Abhandlungen  herausgegeben  von  der  Senckenbergi- 

Bchea  Natnrforscbenden  Gesellschaft,     Band  VII.  Heft 

1,  2.    ito.— From  the  Society. 
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Qaneva. — Memoiree  de  la  &oci6tfi  de  Fhjriqne  et  d'Histoire 
Naturellede  Cren^re.  Tome  XX.  Partie  1.  4to. — From 
ihe  Society. 

Qhugow. — Traoeactiona  of  the  Creological  Society.  Vol.  III. 
Part  2.     ^la.—FTom  the  Society. 

Oottingen.  —  Abhandlungen    der    Eoniglichen    Gesellschaft    der 
Wiflsensohaftan.       Band    XIV.       ito.—From    the    So- 
ciety. 
AstroDomische  Sfittheilangen  von  der  Xdnigl.  Steinwarte 

zn  GottiDgeo.    Enter  Theil.    4to. — From  Ae  Satiety. 
Nachrichten  Ton  der  K.  Q«selIscbaFt  der  WisBenfichaften 
und  der  Georg-Augusta-nniTersiUit,  aus  dem  Johre  1869. 
— From  the  Society, 

Qreenwich. — ABtronomtcal  and  Magnetical  and  Meteorological  Ob- 
servations made  at  the  Royal  Obeerratory  in  the  year 
1867.     London,  1869.     ito.—From  the  Obiervatory. 

Holifax,  Nova  Seotia. — Proceedings  and  Transactione  of  the  Nova 
Scotian  Institnte  of  Natural  Science.  Vol.  11.  Part  2. 
8vo. — From  the  Society. 

fl^aarfcm.— Archives  du  Muefe  Teyler.  Vol.  II.  Fasc.  1,  2,  3, 
4.  8vo, — From  the  Muteum. 
ATchivee  NSerlandaiseB  dee  Sciences  Exactes  et  Naturelles 
publiSes  par  la  SocifitS  HollandaiBe  k  Haarlem.  Tome 
III.  Liv.  3-S ;  Tome  IV. ;  Tome  V.  Liv.  1,  2,  3.  8vo. 
— from  the  Society. 

Jena. — Jenaische  Zeitechrift  fur  Medicin  und  NaturwisBenschaft 
herausgegeben  von  der  Medicinisch  Natnmssenschart- 
lichen  Gesellschaft  zu  Jena.  Bands  I.,  II.,  III.,  IV. 
Heft  3,  4;  Band  V.  Heft  .1,  2.  8vo.— From  the 
Society. 

JeruiaUm. — Ordnance  Survey  of  1865.  Maps.  Fol. — From  the 
Secretary  of  StaU/or  War. 

Kiel, — Schriften  der  UniverBitat  zu  Kiel,  aus  dem  Jabre  186S. 
Band  XV.     4to. — from  the  Univer$ity. 

Lau$aniie. — BuDetin  de  la  Soci^t^  Vandoiee  dee  Sciences  Naturelles. 
Vol.  X.  No.  62.     &vo.—From  the  Society. 
Feuille  Oentrale  de  U  Soci6t6 de  Zofiogue.   Huitieme  AnnSe, 
No.  8.     8vo.~From  the  Society. 
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Leeds, — Beport  of  the  FroceedingB  of  tbe  Geological  and  Poly- 
technic Society  of  the  West  Biding  of  Yorkshire,  1869. 
8vo. — From  the  Boeiely. 

Forty-Ninth  Report  of  the  Philosophical  and  Literaiy 
Society,  1868-69.  8vo. — From  the  Society. 
Leipzig. — Berichte  iibei  die  Verhaadlnngen  der  EoDiglich  ^chsi- 
Bchen  Qesellschaft  der  WieseiiBchaften  za  Leipzig;  Math. 
Phys.  Ciasse,  1867,  Nob.  3,  4;  1868,  Nog.  1-3;  1869, 
No.  1.     8vo, — From  the  Royal  Soawi  Academy. 

Entwickelung  einea  neuen  veranderten  Verfahiena  zni 
Ausgleichang  einee  Dreiecksnetzes  mit  besoodeier  Be- 
traohtung  dea  Fallee  in  welchem  Gewisse  Winkel  vorans 
bestimmte  Werthe  tiekommen  sollen,  von  P.  A.  Hansen. 
No.  II.     Svo. — From  the  Royal  Saxon  Academy. 

Fortgeeetzte  geodatsche  tTotersuchungen  bestehend  in 
zehn  Supple  men  ten  znr  Abhandlung  von  der  Metbode 
der  kleinsten  Quadrate  im  Allgemeinen  and  in  ihier 
Anwendung  aaf  die  Greodasie.  Von  P.  A.  Hansen.  8to. 
— From  the  Royal  Saaon  Academy. 

Supplement  za  der  Geodatieche  UnterauchuDgen  benann- 
ten  Abhandlang  die  Bednction  der  Winkel  eines  Spharoi- 
diachen  Dreiecka  betreffend  von  F.  A.  Hansen.  Svo. 
— From  the  Royal  Saxon  Academy. 

Preisachriften  geki5nt  nnd  heransgegeben  von  der  furst- 
lich  Jablonowskischen  GeaeUschaft  zu  Leipzig.  XIV., 
XV.,    XVL      Svo.  —From    the    Royal    Saxon    Aea- 

XV.  Tafein   zu  H.   Engelhardt  Flora  der   Braunkohlen- 

formatiou   im    Eonigreich    Saoheen.    PreisBchriften  der 

Fiirstl  Jablonowskischen  Gesellschaft  XVI,    Svo. — From 

the  Royal  Saxon  Academy. 
Tafein  der  Pomona  mit  BeriickBichtigung  der  Stiimngen 

dnrch    Jupiter,   Satnm,    und    Mara  berechnet  von  D. 

Otto    Lesser.      No.    9.      4to. — From    the    Astronomical 

Society. 
Vieiteljahrsaclirift     der     Astronomischen     Gesellschart ; 

Jahrgang  IV.  Heft  2,  3,  4;  Jahrgang  V.  Heft  1.     Svo. 

— From  Ike  Society. 
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Liverpool. — TranBaotions  of   the   Historic  Society  of  Lancashire 

and    Cheshire.       Vols.    VIII.,    IX.       8vo.— iVw.    the 

Society. 
London. — Proceedings  of  the  Society  of  Antiquaries.     Vol  IV.. 

Nob.  3-6.     8to.— from  the  Society. 
Transactions  of  the  Society  of  Antiquaries.     Vol.  XLII. 

Part  1.     4to, — From  the  Society. 
Journal  of  the  Society  of  Arte  for  1869-70.     Svo.— From 

the  Society. 
Journal  of  the  Boyal  Asiatic  Society  of  Great  Britain  and 

Ireland.     Vol.  IV.  Parts  1,  2.    8vo.— /Wm  ihe  Society. 
Monthly  Notices  of  the  Boyal  Astronomical  Society  for 

1869-70.     8to.— from  the  Society. 
Journal  of   the   Chemical    Society.     May,   Jnne,   Jnly, 

August,  September,  October,  November,  December,  1869 ; 

January,  Febmaty,    March,    April,  May,  Jnne,   July, 

August  1870.     8vo. — From  the  Society. 
Journal  of  the  Boyal  Geographical  Society.  Vols.  XXXVIII., 

XXXIX.    8vo.— From  the  Society. 
Proceedings   of   the   Boyal   Geographical   Society.     Vol. 

XIII.  No.  6 ;   Vol.  XIV.  Pari*  1,  2.     8vo.—From  the 

Society. 
Report  of  the  Geologists'  Association  and  Excursions  fDi 

1869.     870. — From  the  Association. 
Quarterly  Journal  of  the  Geological  Society.    Vol.  XXV 

Parts  3,  4;   Vol  XXVI.  Parts  1,  2.     8to.— from  the. 

Society. 
Catalogno  of  the  Published  Maps,  Sections,  Memoirs,  and 

other    Publications  of  the   Geological  Survey  of   the 

United  Kingdom  to  March  31st,  1869.    8yo.— From  the 

Survey. 
Memoirs  of  the  Geological  Survey  of  Great  Britain.     4 

Parts.     London,  1869.     Svo. — From  the  Survey. 
Journal  of  the  Eaat  India  AsanciatioD.     No.  2.      8vo. — 

From  the  Auocialion. 
Proceedings  of  the  Institution  of  Civil  Engineers.    Vols. 

XXVII.,  XXVIII.     8vo.—Fnm  (he  InttUution. 
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London. — Froceedinga  of  the  Boyol  InetitutioD  of  Great  Britain. 

Vol  Y.  Parts  5,  6.     8vo.—From  the  Society. 
List  of  Members  of  the  Bojol  lostitution  of  Great  Britain. 

8vo, — From  the  Societt/. 
Jouroal  of  the  Linuean   Society.      Vol.   XI.  (Botany); 

Vol.  XIL    (Botany),    Nob.    50,    51,    52,    53;    Vol.    X. 

(Zoology),    Nob.    46,    47,    48.      8YO.  —  From    the   So- 

ciHy. 
ProcoediDge  of  the   Linnean   Society,  ';,3eBaion   1869-70. 

Svo. — From  the  Society. 
TranBoctions  of  the  Linnean  Society.    Vol.  XXVI.  Parte 

3,    4;    Vol.    XXVII.    PartB    1,    3.     4to.— JVoth    (Ae 

Society. 
Proceedings  of  the  Mathematical  Society.     No«.  16-26. 

8to. — From  the  Society. 
Proceedings  of  tho  Boyal  Medical  and  Chirurgical  Society. 

Vol.  VI.  Nos.  4^6. 
TransactionB  of  the  Boyal  Medical  and  Chirurgical  Society. 

Vol  Lll.     8vo.— iffom  the  Society. 
GharlB  Bbowing  the  Surface  Temperatoro  of  the  South 

Atlantic  Ocean  in  each  Month  of  the  Year.     London, 

1869.     Fo\.—From  the  Meteorolcyical  Office. 
Quarterly  Weather   Beport  of  the  Meteorological   Office, 

with  PreBsure  and  Temperature  TabloB  for   the   Year 

I86a.     ito.— From  the  Office. 
Proceedings  of  the  Meteorological  Society.     Nos.  42,  43, 

44,  45,  46,  47,  48,  49.     SiYO.—FTom  the  Society. 
The    President's    Address    deUveied    before    the    Boyal 

Microscopical  Society,  February  10th  1869.    8vo.— JVom 

the  Society. 
Tiansactions  of  the  Pathological  Society.     Vol.  XX.    Svo. 

— From  the  Society. 
Proceedings  of  the  Boyal  Society.     Nob.  112-121.     8to.— 

From  the  Society. 
Boyal  Society  Catalogue  of  Scientific  Papers.      Vol.  III. 

4to.     8to. — From  the  Society. 
Transactions    of    the    Boyal   Society  of  London.      Vol. 

CLIX.  Parts  1,  2.     ito.— From  the  Society. 
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Xondon.— List  of  the  Royal  Society  of  London.     1869.    4to. — 
Fnm  the  Society. 
Beport  of  the    Afet«oralogicaJ   Committee  of  the  Boyal 
Society,  for  the  Year  ending  Slet  December  1868.    8vo. 
— From  the  Socitly. 
Journal  of  the  SUtietical  Society.     Vol.  XXXH.  Parte 
2-4;   "Vol    XXIIII.    Parte    1,    2.     8vo.—JFVom   the 
Soei^y. 
Proceedings  of  the    Zoological  Society.      1868,  Part  3 ; 

1869,  Parte  1-3.     S\o.—From  the  Society. 
Transactions  of  the  Zoological  Society.     Vol.  VI.  Part  8. 
Vol  VII.  Parts  1,  2.    4to.— JVom  the  Socid,y. 
Lyons. — M6moire8  de  I'Acadfimie  ImpSriale  dee  Sciences  Bellos- 
Lettree  et  Arte  de  Lyon;  Glaeee  dee  Sciences.     Tome 
XVII. 
Anooles  des  Sciences  Physiques  et  Naturelles  d'Agricnltare 
et  d'lndnstrie.     Tome  XI.     8vo. — From  (he  Society. 
Madrid. — Ceoso  de  la  Ganaderia  de  Eepana  eegnn  el  recneoto 
verificado  en  24  de  Setiembre  de  1865  por  la  Junta 
General  de  EetodiBtica.     8vo. — From  ike  Jtttda. 
Maine. — Beports  of  the  CommiBsionerB  of  Fisheries  of  the  State 
of  Maine  for  the  year  1867  and  1868.    Svo.— JVom  the 
Commiesioner*. 
JtfancAMfer.— Memoirs  of  the  Literary  and  Philoeophical  Society. 
Vol  III.  3d  Series.     8vo. — From  the  Society. 
Proceedings  of  the   Literary  and   Philosophical  Society. 
Vols,  v.,  VI.,  VII.     8To.—From  the  Society. 
Milan. — Annuario  del  Instituto  Lombardo  di  Scienze  e  Lettere 
1868.     12mo.— From  the  Institute. 
Memorie  del  Beale  Istitutb  Lombardo  di  Scienze  e  Lettere— 
Claaee  di  Lettere  e  Scienze  Morali  e  Foliticbe,  Vol.  XI. 
Fasc.  1,  2.    Classe  di  Scienze  Matematiche  e  Naturali, 
Vol.  XI.  Fasc  1,  2.     ito.— From  the  Institute. 
Rendiconti  Reale  Istitnto  Lombardo  di  Scienze  e  Lettere. 
Serie  2,  Vol.  I.  Fasc.  11-20 ;  Vol.  11  Faeo.  1-16.     8vo. 
— From  the  Institute. 
Solenni  Aduoauze  del  R.  Istituto  Lombardo  di  Scieuze  e 
Lettere.     Vol.  L  Fosc.  5.     8vo. — From  the  Inatitute. 
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MoKoiD, — Balletin  Ae  la  Society  ImpSriale  dee  NaturalieteB.  1668, 
Noa.  3,  4;     1869,  Nob.  1-4.     8vo.— JVom  the  -Society. 

Munich. — SitzuDgsbericbte  der  ibnigl.  bayer.  Abademie  der  Wib- 
BenBchaften.  1869,  Band  I.  Heft  1-4;  Band  II.  Heft 
1-4;  1870,  Baod  I.  Heft  1.  Svo.—From  the  Aca- 
demy. 
AbhaadluDgen  dei  koaiglicb.  bayeruchen  Akademie  der 
WisBeDBchafteo. — Historischen  Classn,  Band  XI.  Ablh.  1. 
Uatbematisch-PbysikaliBcben  ClasBe,  Band  X.  Abth.  2. 
PhilosopbiBch-PhiloIogiBchen  Glaase,  Band  XI.  Abth.  3. 
4to. — From  the  Academy, 
Annalen  der  EooiglicheD  Sternwarte  bei  MUncben.     Band 

XVII.     8vo. — From  the  Boyal  Ohtervatory. 
Verzetcbnisa  von  teleBcopiscben  Sternen,  Supp.   Baud  VIIT. 
IX.     8vo. — From  the  Royal  Observatory. 

NapUt. — Bendtconto  deJIe  Tornate  e  dei  Lavori  dell'  Accademia  di 
Sciecze  Morali  e  Politiohe.  1869,  Jan.  to  May,  Septem- 
ber to  December  ;  1870,  Jan.  to  Marcb.  8vo. — From  the 
Academy. 

Neitchatel—'Baihtiti  de  la  Society  deB  Scieuoes  Natarelles  de 
NeucbateL  Tome  VIII.  No.  2,  8yo.— From  the 
Society. 

New  Haven  (U.S.') — Journal  (Americau)  of  Science  and  Art,  con- 
ducted by  Beujamiu  Silliman.  Nos.  141-147.  New 
Haven.     8to. — From  the  Editor. 

New  York. — 20tb  Annual  Report  of  tbe  Regenta  of  tbe  UnivetBity 
of  the  State  of  New  Tork,  on  tbe  Condition  of  the  State 
Cabinet  of  Natural  History.     8to. — From  the  Univer- 

50th  and  Slat  Annual  Beports  of  tbe  Trusteea  of  the  New 

York  State  Libraiy.    8to. — From  the  Library. 
^eu>  Zea^rul.— StatiBtics  of  New  Zealand  for  1868.     Wellington, 

1869.     Fol. — From  the  New  Zealand  OovemTnent. 
Ohio.— Report  (22d)  of  tbe  State  Board  of  Agriculture  for  1867. 

ColumbuB,  1868.     8yo.— From  the  Board. 
Oxford. — ABtronomical  and  Meteorological  ObacrvatiouB  made  at 

tbe  BadclifTe  Observatory,  Oxford,  in  the  year  1866.    Vol. 

XXVI.,  XXVIL     &yo.—From  the  Observatory. 
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Oxford. — Second  fiadcIiffB  Catalogue,  containing  2386  Stan  deduced 
from  Obeervationa  extending  from  1854  to  1861  at  the 
Eftdcliffo  Obaervatory,  Oxford.     8vo.-~From  the  Obterva- 

Pakrmo. — Giomale  di  Scienze  Naturali  ed  Economiche,    VoL  IV. 

FaBC.    4;    Vol    V.  Faec.   1-4.     4to.—From  the  Initi- 

tuU. 
Paris. — Publications  of  the  Dep6t  dc  la  Marine  with  Charts.     Nos. 

448,  449,  452,  454,  455,  456,  458,  459,  461,  462,  463, 

464,  465,  467,  i^B.—From  the  Dej)6t  de  la  Marine. 
Annalee  Hydrograpfaiques.    No.  i,  1868;  Noe.  1-3, 1869. 

8va.— ^twn  the  DepAt  de  la  Marine. 
Annales  des  Mines.     Tome  XV.  Liv.  2',  3';  ZVI.  Liv.  4", 

5',  e*.     Svo.— From  the  Eeole  dei  Mines. 
Bnlletin  de  la  Soci6te  de  GSographie;  Mai,  Join,  Juillet, 

Aout,  Septembre,  Octobre,  Novembre,  Becembre  1869; 

Janvier,  Fevrier,  Mare,  Avril,  Mai  1870.     8vo. — Fnm 

the  Soeieiy. 
Comptea-Bendue  Hebdomadaires  des  Stances  de  I'Academie 

des  Sciences,  18S9-70.     4to. — From  the  Academy. 
Philad^phia. — Journal  of  the  Academy  of  Natural  Sciences.    New 

Series.      Vol.  VI.  Parts  3,  4.     Vol.  VII.     iU>.— From  the 

Academy. 
Proceedings  of  the  Academy  of  Natural  Sciences.     Nos.  1- 

6,  1868;  Nob,  1,  2,  1869.     8vo.— JVwn  the  Academy. 
Proceedings  of  the  American  Philosophical  Society.    Vol. 

X.  Nob.  78,  79.      Vol.  XI.  No.  81.     Svo.—From  the 

Society. 
-     Transactions  of  the  American  Philosophical  Society.     Vol. 

XIIL  Part  3.     4to. —/"rom  the  Society. 
Portland. — Proceedings  of  the  Portland  Society  of  Natural  His- 
tory,    Vol.  I.  Part  2.     8to.— i'Vwn  the  Soci^y. 
Quebec. — Mannscripts  relating  to  the  Early  History  of  Canada. 

870. — From  the  Literary  and  Bistorieal  Society. 
Report  of  the  Council  of  the  Literary  and  Historical  Society, 

1869.     8va.— From  the  Society. 
Transactions  of  the  Literary  and  Historical  Society.    New 

Series.     Part  5.     6vo. — From  the  Society. 
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St  Andrew*. — University  Calendar  for  1870-71,    12mo. — From  the 

Univertity. 
St  Petertbvrg. — Jahresbericht  dee  FbTsikalischen   Central-Obeer- 

TBtorininB    fur     1869.      4to. — From    the    Boyal    Aca- 

Gompte-Rendn  de  la  GommiBsion  Imp^riale  Aicb6ologiqne 
pour  TAonSe  1867.    4to.  (Atlas  Fol.)— ^rom  the  Com- 


Annales   de  I'Obeervatoire   Pbysiqne   Central   de  Bussie. 

AnD6e  1865.     4to. — From  ike  Buaiian  Oovemment. 
Observations  faltea  a  la  Liinette  Ueridi6nne.    Vols.  I.,  II. 

1869.     4to. — From  the  Pofdkoioa  Observatory. 
Eepertorium  fur  Meteorologie.     Band  I.  Heft  1.     4to. — 

From  the  Royal  Academy. 
Bulletin    de    rAcadSmie   Impdriale  des   Sciences  de   St 

Petersbourg.     Tome  XIII.  Nob.  4,  5 ;  Tome  XIV.  Nob. 

1-6.     4to. — From  the  Academy. 
Melanges  Physiques  et  Ch6miques   tir^s  du  Bulletin  de 

l'Acad§mie  Imperiale  des  Sciences.     Tome  VIII.    8vo. 

— From  the  Academy. 
UtoioiieB  de-r  Acad6mie  Imperiale  des  Sciences  de  St  Peters- 
bourg.  VII'  S6rie.   Tome  XII.  Nos.  4,  5 ;  Tome  XIII. 

Nob.  1-8 ;  Tome  XIV.  Nos.  1-9  ;  Tome  XV,  Nos.  1-4. 

4to. — From  the  Academy. 
Salem,  Ma»t. — Memoirs  of  the  Peabody  Academy  of  Science.  Vol. 

I.  No.  1,     4to. — From  the  Academy. 
Proceedings  of  the  Essex  Institute.    Vol.  V.  Nos,  7  and 

8.     8to. — From  ihe  IrutiUUe. 
The  American  Naturalist.    Vol.  II.    1868-69.   9ia.~From 

the  Peabody  Academy  of  Science. 
Stockholm. — Eongliga  Svenska  Fregalten  Eugenies  Besa  Omkring 

Jorden  under  befal  af   C.   A.   Virgin   Aren,  1651-5S. 

Haft  12.     iU}.~From  the  Academy. 
Eongliga    Svenska    Vetenskaps-Akademiens    Handlingar. 

Ny  Foljd.      Band  V.  Heft  2,  1864;   Band  VL  Heft 

1,  2,  1865-66;  Band  VII.  Heft  1,  1867.    4to.~From  the 

Academy. 
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StockAolm. — Lefu&daleckningar  ofrer  Eongl.  Svensfea  Vetenskaps- 
Akademions  efter  ar  1854  aflidna  Ledamfiter.    Baod  I. 
Heft  1.     1869.     Byo.—From  the  Academy. 
Meteorologiska  lakttageUer  i  Sverige  utgifna  af  Eongl. 
Sveneka   VeteDGkaps-Akademien  anstaallda  och  bearbe- 
tadeunderlnseendeafEr.Edlund.   Baud  VI.,  1864;  Band. 
VII.,1865;  Band  VIII,  1866.     4ix>.— From  the  Academy. 
Ofvereight   af   Kongl.  Vetenskaps-Akademiena    Forhand- 
ling&r,  1865, 1866, 1867, 1868.    Hvo.—From  ihe  Academy. 
Switzerland. — Verhandtungen  der  Schweizeriechen  Naturforschen- 
den  GreBellEcbaft  in  Einsiedeln.    1868.    Svo. — From  tie 
Socidy. 
ThrondJtjem.  —  Det    Kongelige     Norsfce    Tidenskabere-Selskabs, 
Skrifter  i  det  19*"  Aarhundrede.    Bind  V.  Heft  2.    8vo.— 
From  tkt  Society. 
ToroTtto. — Canadian  Journal  of  Science,  Literature,  and  History. 
Vol.  XIL    Noa.  3-6.     Byo,— From  ihe  Canadian  Imtt- 
ttde. 
Turin. — Atti  della  Eeale   Accadomia  dello  Scienze.      Vol.   IV. 
Disp.  1-7.     8vo. — From  the  Academy. 
Bollettino    Keteorologico   dell'  Ossemitorio    Astronomioo 
deir  UniverBita,  1868-69.     4to. — From  the  University. 
Vim. — Verhandlungen  der  Vereiu  fiir  EuDet  und  Alterthum  iu 
nim  nnd  Oberschwaben.     Heft  1, 1869.    4to.— /Vw»  the 
Editor. 
Utrecht. — Aanteekeningen  Tan  het  Verhandelde  in  de  Sectiever- 
godeiingen  van  het  Provinciaal  Utrechtacb  Genootachap 
van  Kunsten  en  Wetenschappen,  1668-69.    8vo.-—From 
the  Society, 
Catalogua  der   ArcheoIogiBcbe  Verzatneling  van    het  Pro- 
vinciaal TTtrechtBoIi  Qenootschap  van  £unsten  en  Weteo- 
echappen,  1868.     Svo. — From  the  Society, 
NederlandBch  Ueteorologiach  Jaarboek  1867-68.    Utrecht, 
1868.     4to.— /Voni  the  Meteorological  Imtitute  of  Utrecht. 
Veralag  van  het  Verhandelde  in  de  algemeene  Vergadering 
van  het  Provinciaal  Utrechtach  Genootachap  van  Euns- 
ten   en     Wetenachappen,    1868-69.      Svo. — From    the 
Society. 
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Vmaia. — Atti  del  Reale  letituto  Veneto  di  Sgienze,  Lpttere  ed 
Arti.     Tomo  XII.  DispenBo  10;  Tomo  XiIII.,  XIV.  Dia- 
peDHO  1-5.     8vo.— From  the  IruliluU. 
Ficiorio.— Statistics  of  the  Colony  for  1868.     Part  1.     'Population. 
FoL — .From  Ike  Begutrar-Oeneral. 

Statistics  of  the  Colony  of  Australia.     Parts   2-8.   Idel- 
bourne,  1868.     Fol. — From  l?te  Atutralian  Qovtmment.' 
Ktenna.—Alm&nack  der  kaiseTlichen  Akademie  der  Wissenschaf- 
ten.     12mo. — From  the  Acndemy. 

DenkschirfteD    dei    kaiserlicheD    Akademie    der  Wi 
Bcbaften.     Math.  Nat.  Clasae,  Band  XXIX.     Phil.  Hist. 
Classe,  Bands  XVI.,  XVIII.     ito.—From  the  Academy. 

Jahibuch  der  k&iserlich-koniglichen  geologlschen  Reicli 
sanstalt.  Band  XIX.  Nob.  1,  3,  4;  Baud  XX.  No.  1 
8vo. — From  the  Society. 

SitzuDgsberichte  der  kaiserlichon  Akademie  der  Wissen 
Bcbafteu— Phil.  Hist.  ClasBe ;  Band  VIII.  Heft  1,  2: 
Band  IX.  Heft  3,  4,  5  ;  Band  XXVII.  Heft  2,  3;  Band 
XXX.  Heft  1;  Band  XXXVI.  Heft  2 ;  Band  LIX.  Heft 
1,2,  3,4;  BandLX.Heft  1,2,  3;  Band  LXI.  Heft  1,  2, 
3;  Band  LXII.  Heft  1,  2,  3,  4,— Mai.  Nat.  Classe;  Band 
XXVII.  Heft2;  Band  XXX.  Heft  16, 17;  Band  XXXV. 
Heft  7,  8,  9;  Band  XXXIX.  Heft  2;  Band  LVII. 
Heft  4,5;  Band  LVIII.  Heft  1,2,3,4,5;  Band  LIX. 
Heft  1,  2,  3,  4,  5.  Band  LX.  Heft  1,  2— Minera- 
logie-Botanik,  &c.  Band  LVII.  Heft  i,  5 ;  Band  LVIII. 
Hefl  1,  2,  3,  4,  5 ;  Band  LIX.  Heft  I,  2,  3,  4,  5 ;  Band 
LX.  Heft  1,  2,     8vo. — From  the  Academy. 

Register  zu  den  Banden  51  his  60  der  Sitzangeberichte  der 
Philos.-Hiator.  Classe. — From  the  Academy. 

Verhandlungen  der  kaiserlich-konigllchen  zoologisch- 
botaniBcben  GeselUchaft  in  Wien.  Band  XIX.  8vo. — 
From  the  Society. 

Verhandlungen    der     kaiserlich-koniglicben    geologiscben 
Reichsanstalt.     1869,  Nos.  1-5,  10-18;  1870,  Nos.  1-5. 
8vo. — From  the  Society. 
Wathington. — Annual  Beporte  of  the  Commissioner  of  Patents  for 
1867.     8vo.— from  the  United  Slates  Patent  Office. 
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Waahingtrm. — AfitroDomic&l  and  ^Teteorological  Obeeivatioiia  mode 

at  the  United  States  Naval   Observatory  duriiig   1866. 

WoBhington,  1868.     4to. — From  the  Untied  States  Oovem- 

ment. 

Iteports  of  the  NstioQal  Academy  of  Sciences  for  1867  and 

1868.  "Svo.— from  the  Acadrmy. 

!5mith80DiaD  Miscellaueoua    Collections,  Catalogue  of  Or- 

thoptera  of  North  America  deBcribed  previoue  to  1867. 

8vo. — From  the  Institutiou. 

■  Annual  Report  of  the  Board  of  Regeote  of  the  SmithsoniaQ 

Institution  for  1867.     8to. — From  the  IfutUution. 

Wellingtvn  {New  Zealanil). — Statistics  of  New  Zealand  for  1867. 

1869.  Fol. — From  the  New  Zealand  OooemmerU. 
Zurich. — Neue   BeDkHchriften    der    allgemeinen    sohweizerieoben 

CruBselisohaft  fur  die  geaammton-Naturwissenachaften — 
(^Nouveaux  MSmoirea  de  la  Soci&i6  Helvetique  des  Sciences 
Natureilea),  Baud  XXIII,  mit  26  Tafeln.  ito.—From 
the  Society. 


byGooqlc 


,0 


PROCEEDINGS 


ROYAL  SOCIETY  OF  EDINBURGH. 


EiaHTT-KiQUTH  Session. 

Monday,  28th  November  1870. 

Dr  CHRISTISON,  Preaident,  in  the  Chair. 

The  following  Oouocil  were  elected  :■ — 

Fruidtni. 
Pbofbsbob  OHRISTISON,  M.D.,  D.C.L. 

Honorary   Vice-Frtaideitt 
His  Grace  thb  DUKE  of  ARGYLL. 

Viee-Prend^iU. 

Datid  Milxb  Home,  LLD.  I  Professor  Sir  William  Tbomsoh. 

Professor  Eeujihd.  William  Forbes  Skene,  LL.D. 

The  Hon.  Lord  Nkavbs.        I  Principal  Sir  Alex.  Urant,  Bart. 

Otneral  tieertUwy—Dt  JoHN  HuTTOK  Balfour. 

StcrttarU*  to  the  Ordivitry  Mtdingi. 
ProfesBor  Tatt. 
FrofeBsor  TnitNER. 

Trtavirtr — David  Smith,  Esq. 
Ount/or  of  Library  avA  Mtuetnn — Dr  Maclaoan. 


Dr  Jahbs  M'Baih,  R.N.  I    It«v.  Dr  W.  Lismat  Alxxahdkk, 

Dt  William  Bobertson.  Professor  Flebmino  Jehkin. 

Thomas  Stbvensos,  Esq.,  O.E.  Prof.  Wtville  Thombob,  LLD. 

DiHAHDrsiDB.  James  DohLldson,  LL.D. 

Aiic9ti9ALD  Gbikib,  Esq.  Dr  rHOMASiR.  FbasKb. 

Profeuor  A-Crdm  Browh.  I    t>r  ArthdrIGauoee. 

VOL. Til,  ':         2h  ; 
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Monday,  5th  December  1870. 

David  Milne  Home,  Esq.,  Vice-Preaident,  read  the 
following  Address : — 

Qentlimbh,  Fxllowb  or  thk  Sotu.  Sooieti  or  Edihbdkqh, — 
In  compUance  with  a  special  request  of  the  Council,  I  come  before 
you  this  evening  to  deliver  the  Address  usually  given  at  the  open- 
ing of  OUT  Winter  Seeeion. 

Thi»  practice  of  annually  taking  stock  to^aseertain  what  husinew 
we  ue  doing,  and  how  we  are  doing  it,  seems  to  me  very  right  and 
expedient.  The  whole  Society  is  thus  made  aware  whether  it  is 
retrograding  or  advancing,— whether  it  is  or  is  not,  carrying  out 
the  (ihjects  of  its  institution. 

I  see  that  in  some  former  Addresses,  not  only  was  the  exist- 
ing state  of  the  Society  reported  on,  hut  occasion  was  taken  to 
open  up  general  views  on  science  and  literature,  and  sometimes 
ta  point  out  important  discoveries  recently  made  in  particular  fields 
of  knowledge.  An  Address  of  that  instructive  character  probalilj. 
wonld  have  heen  given  to-night,  had  the  place  I  now  unworthily 
hold,  been  occupied  by  the  distinguished  »ava-fd  who  stood  above 
me  on  the  roll  of  Vice-Presidents,  as  he  also  stands  immeasurably 
above  me  in  knowledge.  That  gentleman's  numerous  engagements 
elsewhere,  and  the  expectation  that  he  would  be  in  Italy,  pre- 
vented his  guaranteeing  to  the  Council  when  they  applied  to  him, 
that  be  wonld  be  here  to-night.  My  own  usual  avocations  are  not 
such  as  fit  me  for  executing  the  duty  which  Dr  Lyon  Playfair 
would  have  so  ably  performed, — my  time  being  chiefly  occupied 
with  the  duties  incumbent  on  a  landed  proprietor  resident  in  the 
aountiy,  who  has  to  attend  justice  of  peace  courts,  road  meetings, 
cattle  plague  committees,  and  parochial  boards.  My  addiess, 
theiefere,  will  not  be  literuy  or  scientific,  hut  of  a  practical 
character  as  more  congenial  to  my  habits  of  life; — containing 
nevertheless  some  information  end  suggestions  which  I  hope  mny 
not  be  entirely  useless. 

What  I  shall  venture  to  submit,  will  be  under  the  followirg 
heads: — 
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la(.  The  work  done  b;  us  &8  a  Society,  during  the  past  yeai. 

2d.    The  means  we  possess,  of  doing  onr  work. 

3(i.' Suggestions  for  renderiug  our  Society  moie  efficient. 

4lh.  The  usefulnese  of  Societies  like  oura. 

5th.  The  heat  way  of  encouTaging  B,nd  assisting  such  Societies. 

I.  Work  of  tlit  Society  during  Ike  pa»t  Tear. 

The  ordinary  busiaess  of  the  Society,  as  we  all  know,  ib  done 
during  the  winter,  at  evening  meetings,  when  papers  are  read. 
These  are  abstracted  into  our  printed  Proceedings,  and  the  most 
valuable  inserted  verbatim  in  onr  Transactiona. 

The  number  of  our  meetings  last  winter  waa  13,  being  on  an 
average  two,  each  month.  The  number  of  papers  read  at  thcee 
meetings,  waa  13.     The  authors  of  these,  were  33  persons. 

Of  the  43  papers,  5  were  literary ;  the  other  38  papers,  on  matters 
of  physical  science. 

In  the  previous  year,  the  total  number  of  papeis  bad  been  44, 
all  on  physical  Bubjects. 

The  following  epitome  shows  the  number  of  the  papers  under 
each  branch  of  science : — 


Mathematical  papeis, 

Chemical  „  ... 

Mechanical  or  Natural  Philosophy  papers. 

Medical 

Geological 

Zoo1(^cb] 

Geographical    . 

Botanical 

Meteoiolo^cal 


In  a  few  iostanoes,  and  I  regret  they  were  «o  few,  discusaion 
occuiied  on  the  part  of  the  Fellova  present,  after  the  papers  were 
read  or  described. 

I  have  said  that  all  these  papers  appear  in  an  abstracted  form 
is  our  printed  Proceedings.  Last  year's  printed  Proceedings 
extend  to  209  octavo  pages.  Those  of  the  year  before,  aontained 
200  pages. 

Of  the  43  papers  presented  last  winter,  11  were  selected  aa  worth 
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of  publicatioQ  in  out  Transactions.    Tbe  titles  and  authon  of  these 
papeis  were  as  fullows  : — 

1.  Reciprocal  Figures,  Fiames,  and  Diagrams  of  Forces.    By  J. 

Clerk  Maiwell.  F.R.S. 

2.  ScieDtific  Method  in  tbe  Interpretatioo  of  Popular  Uytbs, 

witb  Special  Beference  to  Greek  Mytliology.     By  Professor 
Blackie. 

3.  Extension  of  Brouncker's  Uethod-to  the  Comparison  of  Sereral 

Hf^ttudea.     By  Edward  Sang,  Esq. 

4.  Greeo's  and  other  Allied  Theorems.    By  Professor  Tait, 

5.  Heat  developed  in  the  Combination  of  Acids  and  Bases.    By 

Dr  Thoa.  Andrews,  Hon.  FJt.S.E. 

6.  The  Genetic  Succession  of  Zooids   in  tbe  Hydroida.      By 

Prof.  AUmaD. 

7.  Influence  of  the  Vagus  upon  tbe  Vascular  System.     By  Prof. 

Butberford,  of  King's  College,  London. 

8.  Old  Biver  Terraces  of  the  Earn  and  Teith,  viewed  in  connec- 

tion witb  certain  proofd  of  tbe  Antiquity  of  Man.     By  Bev. 
ThoB.  Brown, 

9.  Spectra  formed  by  tbe  Passage  of  Polarised  Light  through 

Double  Refracting  Crystals.     By  Francis  Deas,  LL.B. 
10.  Oxidation  Products  of  PicoUne.     By  James  Dewar,  Esq. 
H.  Account  of  tbe  Great  Finner  Whale  stranded  at  Longniddry. 
By  ProfeBsor  Turner. 

I  may  here  add  that  our  volumes  of  Transactions  are  rapidly 
exhibiting  an  increase  in  the  number, — I  hope  also  in  tbe  value  of 
their  contents.  About  ten  or  twelve  years  ago,  one  year's  Transac- 
tions did  not  exceed  100  quarto  pages.  During  the  three  years 
which  followed,  their  average  size  was  measured  -by  250  pages ; 
during  the  last  three  years  by  310  pages. 

The  Society  is  awtu'e  that  we  have  three  prizes  in  our  gift,  ereated 
by  members  of  our  body  at  different  periods, — tbe  Neill  prise,  tbe 
Keith  prize,  and  tbe  Brisbane  prize.  A  period  of  two  years 
elapses,  in  the  case  of  the  two  latter,  before  bestowal.  Last  year 
the  £eitb  prize  was  awarded,  consisting  of  a  gold  medal  and  £50, 
"  for  tbe  best  communication  on  a  acientiflo  subject."  It  waa 
awarded  to  Professor  Tait,  for  a  paper,  published  in  onr  Transac- 
tions, on  tbe"Botation  of  a  Rigid  Body  about  a  fixed  point." 
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III  ulluding  to  the  award  of  this  prize,  it  is  only  right  to  men- 
tion the  high  estimation  in  which,  as  I  have  reason  to  know, 
this  paper  and  other  matheniBtical  papers  by  the  samG  author 
are  held  by  men  of  science,  ,  These  papers  sie  examples  of  the 
application  and  use  of  a  new  and  wonderful  instrument  of  ana- 
lysis invented  by  the  Ute  Sir  William  Hamilton  of  Dublin,  one 
of  the  profoundsst  philoBophera  of  his  day,  known  hy  the  name  of 
"  Qwitemumt."  I  am  told  that  there  are  as  yet  few  mathematicians 
who  can  work  with  it.  But  Professor  Talt  has  been  able,  both  to 
work  with  it,  and  to  improve  upon  it;  and  has  applied  it  to  the 
solution  of  many  important  physical  questions  not  easily  solved 
by  ordinary  analysis, 

To  show  that  these  remarks  rest  on  better  testimony  than  my  own, 
I  beg  to  refer  to  the  high  appreciation  of  Professor  Tait'e  applica- 
tion of  "Quaternions,"  as  expressed  by  tfae  distinguished  inventor 
himself,  in  a  work  published  shortly  after  his  death.  Sir  William 
Hamilton's  "  Elements  of  Quaternions"  (page  755)  contains  the 
following  passage  : — 

"  FrofeeaoT  Tait,  who  has  atiead;  pnblj'sbed  tracts  on  other  applications  of 
Quaternions,  mathematical  and  physical,  inclnding  some  on  Electro-dynamics, 
appears  to  the  writer  eminently  fitted  to  carry  on,  happily  and  nsefiilly,  this 
Dew  branch  of  mathematical  science,  and  likely  to  become  io  it,  if  Ihe  ez- 
preeaioD  may  be  allowed,  one  of  the  chief  Buccesaora  to  its  inventor." 


To  these  gracious  words  of  Hamilton,  may  he  added  the  testimony 
of  Professor  Sir  William  Thomson  of  Glasgow,  himself  a  mathe- 
matician and  physicist  second  to  none  in  Europe,  contained  in  a 
letter  to  our  General  Secretary,  from  which  I  am  allowed  to  quote  ; — 

"  M»  Dkab  Balfoub, — The  marked  appreciation  by  Sir  William  Hamilton 
of  Tait's  work  iu  qoateroions,  is  about  the  bigheet  possible  testimonial  to  ita 
excellence.  His  book  on  the  subject  will  constitute,  I  believe,  a  permanent 
monament  (if  the  most  marTellously  ingenious  generalisation  ever  mads  in 
mathematical  science.  It  has  already  done  much  (o  render  the  new  inatru- 
ment  available  for  rueearches  in  Natural  Philosophy,  and  I  can  see  ligna 
(witness  the  two  most  traDsceadeat  and  practical  naturalists  -of  the  age, 
Belmholti  and  Clerk  Haiwell}  of  qnatemiona  becoming,  through  ita  teach- 
ing, a  useful  implement,  tbongh  many  yeara  may  pass  before  fruits  resulting 
from  qnateroionic  husbandry  can  be  gathered." 

Besides  the  ordinary  business  of  the  Society  for  the  past  year 
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to  which  I  have  been  advertiDg,  there  have  besD  ooe  or  two  other 
mattoTB  taken  up  by  the  Ckiuncii  which  it  is  proper  to  mention — 

(1.)  The  CouDcil  agreed  to  co-operate  with  other  public  bodies 
in  this  town,  in  giving  to  tlie  British  Association  for  the  Advance- 
ment of  Science,  an  invitation  to  hold  their  next  jagi'a  meeting 
in  Edinburgh.  That  invitation  was  communicated  through  onr 
general  secretary,  Frofcsaor  Balfour,  at  the  Liverpool  meeting. 
We  all  know  the  result ;  but  perliaps  all  do  not  know  how  mnch 
is  due  to  the  efforts  of  this  Society.  It  must  also  be  matter  of 
congratulation  to  ourselves  to  learn,  that  the  President  elect  of 
tbe  Association  is  one  of  our  own  members — a  member  of  whom 
any  Society  may  feel  proud — Sir  William  Thomson  of  Glasgow ; 
and,  moreover,  that  the  local  secretaries  and  treasurer  of  the  meet- 
ing  are  all  Fellows  of  our  Society.  May  1  therefore  be  allowed 
to  express  a  hope,  that  the  members  of  this  Society  will  do  their 
utmost  to  assist  in  promoting  the  snccess  of  the  meeting,  and 
that  the  Society  will  be  able  to  give  a  handsome  subscription  to 
the  fund  for  expenses. 

(2.)  Another  matter  out  of  the  ordinary  business  of  the  Society, 
is  the  application  which  the  Council  made  to  Her  Uajesty's 
Government,  for  the  establishment  of  a  Chair  of  Geology  in  the 
University  of  Edinburgh,  and  for  asBiatance  to  endow  it. 

Tbe  circumstance  which  led  to  this  application  was  the  resig- 
nation of  FrafesBor  Allman,  and  an  intimation  received  about  the 
same  time,  from  that  eminent  geologist  and  true-hearted  Scotoh- 
man.  Sir  Roderick  Impey  Sfurchison,  that  he  was  willing  to  set 
apart  £6000  from  his  own  funds,  to  yield  a  moiety  of  the  endow- 
ment. 

Tbe  Council  of  the  Society,  feeling  that  they  would  go  with 
greater  hope  of  succeea  to  Goveniment  if  backed  by  other  public 
bodies,  obtained  the  co-operation  of  the  University,  tbe  Boyal 
Scottish  Society  of  Arts,  the  Geological  Society,  and  the  Highland 
and  Agricultural  Society. 

We  all  know,  in  consequence  of  an  intimation  in  the  newspapers, 
that;  tbe  Premier  has  so  far  yielded  to  these  applications,  by 
agreeing  that  Government  should  pay  £200  yearly  to  this  object ; 
HO  that,  adding  the  dividends  which  will  be  obtained  from  Sir 
Boderick  Murchison's  more  generous  gift  of  £6000,  there  will  be 
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for  the  support  of  the  chair,  a  fixed  income  of  £460.  I  believe 
there  is  in  existence  a  separate  yearly  enm  of  £35,  hitherto  drawn 
by  the  ProfesBor  of  Natural  History,  and  which,  in  the  event  of  a 
separate  Professorship  being  established  for  geology  and  mineralogy, 
was  appointed  to  be  transferred  to  the  latter.  Tbia  bequest  vas 
made  a  number  of  years  ago  by  a  Scottish  gentlemaQ  named 
Thomson,  who  died  at  Palermo. 

Before  taking  leave  of  this  sabject,  I  wish  todraw  attention  to 
the  fact  that  in  the  other  [Tnivereities  of  Scotland  the  same  incon- 
Tenience  exists,  which  is  about  to  be  remedied  in  Edinburgh ;  and 
perhaps  I  maybe  permitted  to  express  from  this  chair  a  hope,  that 
in  tbem  also,  means  may  be  found  for  removing  that  inconvenience. 
I  was  glad  to  obeerre,  that  the  Lord  Rector  of  Aberdeen  University, 
in.  an  address  delivered  by  him  about  ten  days  ago,  took  notice 
of  the  multifarious  branches  of  instruction  which  the  Professor  of 
Natural  History  has  there  to  teach,  and  is  unable  to  overtake.  Mr 
Otant  Duff  is  a  member  of  the  present  G-oTemment,  so  that  I  trust 
he  will  call  the  Premier's  attention  to  the  subject.  The  chair  of 
Iftatund  History  at  Aberdeen  was  established  by  the  Crown,  and  its 
occnpant  is  appointed  by  the  Crown.  I  presume  the  design  and 
intention  of  the  Crown  was,  that  geology,  and  the  other  recognised 
branches  of  Natural  History,  should  be  taught  in  that  University. 
Therefore  if,  in  consequence  of  the  extension  and  growth  of  these 
brancbsB,  it  has  become  impossible  for  any  one  man  to  give  in- 
struction in  all,  there  seems  to  be  a  sort  of  moral  obligation  on 
the  Grown  to  oarry  out  its  own  intention  and  undertaking,  by 
appointing  separate  Professors  for  these  branches. 

These  remarks  apply  equally  to  the  two  other  nniversities  of 
Grlasgow  and  St  Andrews  -,  the  latter,  however,  viz.,  8t  Andrews, 
presenting  an  additional  evil  of  its  own,- viz.,  the  anomaly,  that  the 
Professor  of  NtUwral  History  has  to  lecture  on  CivU  History  besides. 

It  humbly  appears  to  me  that  there  sbould  be  no  great  diffi- 
culty, both  at  3t  Andrews  and  at  G-lasgow,  of  providing  means 
for  remedying  the  evils  to  which  I  have  been  adverting.  The 
Government  gives  aid  to  schools  to  an  equal  extent  with  fnnde 
supplied  locally  for  their  support,  even  when  these  schools  are 
of  an  elementary  character,  and  supply  instruction  only  for  a 
parish.     Mach  more  must  Ctovernraent  be  disposed  to  assist  when 
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the  institution  wanting  lielp,  draws  scholars  fiom  a  wide  area  oP 
country,  as  is  the  case  with  a  Univereitj^  What  persons  are  bo 
interested  in  establishing  means  of  instruction  in  geology  and 
miniag,  as  propiietora  of  coal,  iron,  shale,  fire>clay,  and  building 
stones  7  or  who  more  able  than  they,  to  provide  the  amount  of  fnndd 
necessary  to  warrant  an  application  to  Government  to  assist  in  en- 
dowing professorships  for  giving  that  iostruction.  The  counties 
of  Fife  and  Forfar,  near  St  Andrews;— the  counties  of  Lanark, 
Renfrew,  and  Ayr,  so  intimately  connected  with  Glasgow,  are  all 
rich  in  mines  and  minerals.  Surely  the  proprietors  and  manufac- 
turers of  both  districts  wilt  have  patriotism  enough  to  raise,  by  a 
conjoint  effort,  the  sum  which  one  single  individual— their  own 
countryman — tliough  not  resident  amongue,  has  so  cheerfully  given. 

I  have  adverted  to  this  subject  so  fnlly,  because  of  the  interest 
which  our  Society,  from  a  very  early  period,  has  taken  in  this 
particular  science.  Indeed,  it  is  to  geology  that  our  Society  Is 
chiefly  indebted  for  the  reputation  it  first  acquired  in  the  scientific 
world,  in  consequence  of  the  animated  and  stirring  speculations 
and  discussions  instituted  by  its  members,  among  whom  were  Sir 
James  Hall,  Lord  Webb  Seymour,  Col,  Imrie,  Uutton,  Playfair, 
and  Jameson.  I  believe  that  little  or  nothing  was  known  of 
geology,  in  Great  Britain,  before  the  time  to  which  I  have 
alluded  ;  and  that  even  the  Geological  Society  of  London,  founded 
in  the  year  1308,  owed  its  origin  chiefly  to  Scotsmen  resident 
in  England,  who  had  imbibed  their  taste  for  the  science  by  taking 
part  in  the  discussions,  or  studying  the  transactions  of  our  Society. 
When,  from  various  causes,  tlje  science  of  geology  at  a  later  period 
begun  to  flag  in  Scotland,  our  Society  lamented  and  remonstrated, 
and  endeavoured  to  waken  public  sympathy  on  the  subject.  Thus 
the  late  Principal  Forbes,  in  his  address  from  this  chair  in  the 
year  1862,  says : — 

"  Of  all  the  changes  which  have  befallen  Scottish  science  during 
the  last  half  century,  that  which  I  most  deeply  deplore,  is  the 
progressive  decay  of  our  once  illustrious  geological  school." 

In  the  year  1865,  out  Society  presented  a  memorial  to  the 
Government  of  whicb  Earl  Bussell  was  then  head,  pointing  out  the 
inconvenience  of  there  being  no  separate  Professorship  of  Geology, 
and  asking  Government  to  institute  one. 
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Though  our  attempt  to  ohtain  redress  vae  not  then  succeesful,  it 
may  be  presumed  that  good  was  done,  by  our  having  kept  it  before 
the  eye  of  the  public;  and  that  seeds  then  were  sown,  which  have 
now  produced  the  results  we  had  bo  long  been  desiring. 

H.  I  come  now  to  the  next  division  of  this  address,  which 
refers  to 

TTie  meant  we  pouett  of  carrying  out  the  objects  of  ike  Society. 

I  allude  to  strength  of  uiemhership,  and  to  available  funds. 

With  regard  to  funds,  I  am  happy  to  say  that,  though  not  rich, 
we  have  now  rather  more  funds,  than  we  have  ever  had  before ; 
tlianks  to  out  escellent  treasurer,  Mr  Smith,  who  does  what  he 
can    to   keep   up  income,   and  keep  down  unnecessary   expendi- 

Oar  income  is  derived  from  three  main  sources : — 

(I.)  Contributions  of  ordinary  Fellows,  about  £800 

(2.)  Dividends  from  capital  invested,      .  280 

(3.)  Annual  grant  from  Government,      .  300 

Making  a  total  revenue  of    jCISSO 

Out  expenditure  may  be  classed  under  the  following  five 
heads : — 

(1.)  Cost  of  printing  and  circulating  Proceedings 

and  Transactions,  about   .  .  .     £400 

(2.)  Bent  of  apartments,  taxes,  cleaning,  &i 
(3.)  Books,  periodicals,  and  newspapers, . 
(4.)  Salaries  of  officers,    ....         240 
(5.)  Expenses  of  evening  meetings, 

£1120 

With  regard  to  membership — the  numhei  of  ordinary  Fellows 
— on  whom  of  course  we  chiefly  depend  for  papers,  and  for  attend- 
ance at  our  evening,  meetings,  stands  thus.  This  time  lost 
year,  the  total  number  was  303.  Since  then,  30  new  ordinary 
members  have  been  elected — making  altogether  333.  But  from 
this  number  must  be    deducted  five   who    have   died,   and   two 
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wbo  have  resigned — leaving  a  balance  at  tliie  date  of  326 ;  which 
ia  a  larger  number  of  orJiaary  Fellows  than  we  have  had  eicce 
ihe  institution  of  the  Society.  The  Dumber  of  our  honorary 
membere  ia  the  same  as  formerly,  36  foreigners,  and  20  British — 
all  men  of  known  celebrity. 

Before  referrijig  more  particularly  to  the  individual  members 
who,  during  the  past  year,  have  been  taken  from  ua  by  death, 
allow  me  to  say  that  I  think  the  giving  of  obituary  sketches  of 
deceased  a^sociateB  is  a  practice  highly  becoming.  It  should 
be  remembered  that  our  Society  ia  intended,  not  only  to  aid 
science  and  literature,  but  al^o  to  promote  good  fellowship  among 
the  votaries  of  both.  One  object  of  our  association,  is  to  ^a- 
cour^e  and  assist  one  another  by  sympathy,  and  interchange 
of  views ;  for  which  purpose  we  not  only  listen  to  papers,  and 
discuss  these  at  our  evening  meetings,  but  also  hold  personal 
intercouTse  in  our  library  and  reading-room.  When,  therefore, 
any  of  our  comrades  are  removed  from  our  midst  by  death,  it  is  but 
fitting  we  should  offer  a  parting  tribute  of  regret  at  the  dissolution 
of  our  connection,  and  endeavour  to  fix  some  traces  of  our  departed 
associates  in  our  memory,  by  recounting  the  part  they  have  taken 
in  helping  to  carry  on  the  business  of  the  Society,  by  recording 
any  services  rendered  to  the  country,  and  by  noting  the  leadiug 
events  of  tlieir  lives. 

Whilst  we  have  reason  to  be  thankful  that,  during  the  past 
year,  the  number  of  deceased  associates  is  smalt — smaller,  when 
regard  is  Lad  to  the  total  number  of  members,  than  in  any 
former  year,  that  circumstance  is  more  tlian  counterbalanced  by 
the  worth  and  preciousness  of  the  lives  whose  loss  we  deplore. 

The  following  are  the  names  of  deceased  Fellows,  of  each  of 
whom  I  proceed  to  give  a  short  obituary  notice : — 

Adam  Huhtbr. 

Edward  Francis  Maitland. 

BOBERT  NaSUTTH. 

James  Youko  Simpson. 
Jahks  Sthb. 

Adam  IIcntbb  was  born  at  Greenock  on  20th  June,  1791.  B« 
•ibtained  his  olassical  and   mathematical  education  at  G-Iaagow 

DiqitlzscbyGOOqlC 


ofEdivhurgh,  Sfstdon  187U-71.  241 

University,  aod  afterwanls  came  to  Edinburgh  for  the  medical 
clasBBi.  He  graduated  io  the  year  1813.  He  died  in  Edinburgh, 
24th  June,  1870. 

Iq  the  year  1815  lie  commeQced  practice  in  Edinburgh  as  a 
Tamily  phystciaD,  and  continued  there  in  the  aatne  TocatioD  all  bis 
life.  He  was  most  attentive  to  his  diitiei,  very  gentleman -like 
in  his  beariui^,  ami  an  agreeable,  social  companion.  He  posaeseed 
the  regard  and  esteem  of  the  late  Dr  Abeiaiorabie,  whose  family 
he  attended  when  any  of  lis  memb^n  were  ailing.  He  waa  with 
Dr  Abercrombie  himself,  during  hia  luat  illneaa;  and,  after  his 
death,  he  wrote  a  short  biographical  memoii  of  hie  friend  and 
patient  for  the  newspapers. 

In  the  year  1839  Dr  Hunter  l>ecame  a  Fellow  of  this  Society. 
He  was  a  member  of  the  Medico- Chi rurgicat  Society  of  Edinburgli, 
and  contributed  a  paper  to  its  Transactions,  on  "Dislocations  of 
the  Shoulder  and  Hip-Joints."  He  wan  a  life  membtr  of  the 
British  Assuciation.  In  the  year  18t>5,  he  published  an  In- 
teresting pamphlet  of  forty-one  pages  on  the  subject  of  Life 
Insuiance;  contrasting  the  London  and  Edinburgh  offices,  and 
showing  the  superiority  of  the  latter,  as  regards  honest  adminis- 
tration and  principles.  He  had  been  a  policy  holder  in  a  London 
office,  as  well  as  in  the  Scottish  Widows'  Fund,  and  found  how 
mud)  more  advantageous  it  was  to  be  connected  with  the  latter, 
than  with  the  former. 

Ur  Hunter  was  employed  by  the  Directors  of  the  Scottish 
National  Insurance  Company  to  make  a  special  report  on  the 
lives  of  the  assured  in  that  Company.  His  report,  which  was 
primed,  received  much  commendation.  He  had  been  the  medical 
adviser  of  that  Company  since  the  year  1843;  as  also  of  the 
English  and  Scottish  Law  Life  Assumnce  As3<iciation,  since  the 
year  1847.  On  the  occasion  of  his  death,  the  Directors  of  both 
Companies  passed  minutes,  expressing  tlie  very  higli  regard 
which  they  entertained  for  him.  Whilst  his  health  remained, 
Dr  Hunter's  practice  was  extensive;  and  his  patienta  had  not 
only  full  confidence  in  bis  professional  skill,  but  derived  great 
comfort  from  his  visits.  One  of  them  writes  thus :  "  On  more  than 
one  occasion  he  was  the  means,  in  the  hand  of  Ood,  of  saving 
my  life,  and  many,  many  times  he  has  lightened  my  anxietiesi 
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and  cheered  my  heart,  io  a  way  no  one  but  himself  could  do. 
God  was  good  to  me,  in  giving  me  aucb  a  valuable  adviser." 

In  the  year  1865,  Dr  Hunter  underwent  an  operation  for  removal 
of  atnmonrin  the  throat.  But  the  disease  wu  not  eradicated. 
The  tumour  re-appeared,  and  continued  np  to  the  period  of  his 
death,  which  took  place  suddenly. 

Dean  Bamsay,  to  whose  congregation  Dr  Hunter  belonged,  after 
his  funeial,  alluded  from  the  pulpit  to  bim,  in  these  terms : 
"  He  bad  for  many  years  a  very  extensive  medical  practice  in 
the  families  of  this  city,  and  no  man  more  conscientiously,  more 
carefally,  and  more  sedulously  performed  the  duties  of  bis  pro- 
fession. Prom  the  presence  of  an  impending  and  fatal  malady, 
death  had  for  some  time  been  familiarised  to  hie  mind.  £ut  I 
know  bow  be  met  that  monition,  as  he  met  all  the  trials  of  life, 
with  a  firm  trust  in  the  love  of  bis  Be'leemer,  and  with  unshaken 
faith  in  Ibe  fulness  of  His  atonement." 

Dr  Hunter,  in  October  1820,  married  Elizabeth,  the  eldest 
daughter  of  John  Eircaldy,  Esq.,  and  by  her  hnd  six  children. 

Edward  Francis  Maitlakd,  known  after  his  elevation  to  the 
judicial  bench  under  the  title  of  Lord  Sarcaple,  was  bom  in  Edin- 
burgh, lOtb  April,  1808,  and  died  there  23d  February  1870.  He 
was  the  youngest  son  of  Adam  Maitland  of  Dundrennajj,  in  the 
county  of  E  irk  cud  bright — a  properly  which  a  Dr  Cairns  of  London 
left  to  his  niece,  whom  Mi  Maitland  married.  Edward  Sfaitland's 
elder  brother  was  Thomas,  who  also  was  raised  to  the  bench,  under 
the  title  of  Lord  Dundrennan. 

He  received  bis  education  at  the  High  School,  and  at  the 
University  of  Edinburgh,  and  came  to  the  bar  in  the  year  1831. 
'A&  was  possessed  of  considerable  ability,  and  also  of  much  general 
knowledge  derived  from  reading.  He  was  shy  and  reserved,  and 
had  an  awkward  manner,  so  that  his  real  merits  were  less  known 
than  they  deserved  to  be.  For  many  years  he  had  little  or  no 
business  as  a  lawyer,  and  at  one  time  in  consequence  meditated  a 
change  of  profession.  During  this  period  of  involuntary  profes- 
sional idleness,  he  became  editor  of  the  "  North  British  Review," 
and  contributed  to  it  several  papers,  which  were  cbamcterieed  by 
vigour  of  thought,  and  correctness  of  composition.     Being   a 
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Whig  in  politics,  when  his  friends  obtained  office,  he  leceived 
the  appointment  of  Advocate- Depute.  Id  the  year  1851  he  nas 
made  Sheriff  of  Argyle.  In  the  year  1855  be  was  appointud 
Solioitor-Qeneral,  which  office  he  lost  with  the  change  of  Govern- 
ment;  but  in  1859  it  was  reittoTed  to  him.  These  professiuDnl 
appointments  afforded  an  opportunity  of  showing  his  qualifica- 
tions as  a  good  lawyer,  and  an  accomplished  pleader;  and  busi- 
ness at  length  flowed  in,  so  as  to  afford  a  handsome  income.  H(^ 
was  thoroughly  conscientious  in  the  fullilnient  of  his  professioniil 
engagements,  When  SulicitoT-Greneral,  it  was  remarked  that  be 
never  missed  being  presjcnt  in  the  Justiciary  Court,  and  he  was 
always  well  prepared  with  the  business  of  which  be  bud  charge. 
There  were  several  caset  of  public  interest  in  which  ho  was 
caunsel,^H3[ie  of  them  the  famous  Yelverton  case.  He  was  senior 
counsel  for  Miss  Longworth,  and  evinced  the  utmost  anxiety  lo 
have  ber  claims  properly  presented.  Shortly  before  her  case  came 
on  for  discussion  in  the  Inner  House,  he  received  from  the  Crown 
his  commission  to  the  bench.  But  he  withheld  it  for  a  week,  that 
he  might  have  it  in  his  power  to  plead  once  more  on  Miss  Long- 
worth's  behalf;  atid  it  has  been  stated,  that  it  took  him  three 
days'  bard  work  to  prepare  for  the  pleading.  He  declined  lo 
accept  of  any  remuneration  for  his  services  in  this  case.  His  tide 
of  Barcaple  was  derived  from  a  property  oF  that  name  which  he 
had  purchased  from  his  brother,  David,  a  merchant  in  New  York. 
It  is  situated  in  Kirkcudbrightshire,  and  I  believe  not  far  from 
the  family  estate  of  Dundrennan. 

It  was  in  1862  that  Mr  Maitland  was  raised  to  the  bench,  and 
it  was  in  the  same  year  that  he  became  a  Fellow  of  our  Society. 
But  he  did  not  contribute  any  papers,  or  often  attend  our  meet 
tngs.  He  was  the  first  representative  of  the  Edinburgh  University 
Council  in  the  University  Court.  He  was  also  the  first  Rector  of 
Aberdeen  University,  after  the  union  of  King's  and  Marisclial 
Colleges  in  1860.  Not  being  able  to  understand  how  Mr  Maitland 
should  have  been  thought  of  For  (hie  appointment,  being  in  no 
way  connected  with  Aberdeen,  I  wrote  to  my  friend  Principal 
Campbell  for  an  explanation;  and  I  have  much  pleasure  in 
making  the  following  extract  from  his  answer : — 

"  His  appointment  to  the  office  of  Sector  was  tfae  result  of  a 
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8eveie  aoil  Ititier  conttut  between  tbe  friends  and  tlie  oiponente  of 
the  noion  of  tbe  Collegea,  of  rather  a  portiou  of  the  l&tler,  fur  the 
more  sensible  und  die  in  teres  ted  opponents  hod  by  thftl  time  seeo 
tbe  necessity  of  acquiescing  in  the  union,  &nd  of  either  facilitating 
ot  not  impeding  the  working  of  the  University  under  the  new 
'  arrangements.  The  malcontents,  whose  object  was  to  bring  about 
a  dead-lock  and  embarrass  tbe  Universities'  CoDimiesioneni,  in- 
duced a  party  of  the  studeuts  to  set  up  the  late  Sir  Andrev  Leith 
Hay,  who  certaiDiy  would  never  have  been  thought  of  io  other 
circumstaoces.  The  rrieods  of  pettce  and  order  cbose  Mr  Mail- 
land,  although — I  perhaps  ought  to  say,  becavte — he  was  totally 
uaconnected  with  this  locality  and  district,  and  yet  well-kDOwu 
as  a  man  combining  a  cultivated  mind  witb  tbe  aptitude  for 
academic  buBiiiese,  as  well  as  the  firiuness  which  our  circum- 
stanceB  required. 

"  Tbe  votes  of  the  Nations  Htuod  two  to  two,  nod  the  casting 
vote  having  fallen  to  me — tbe  Chancellorship  being  vacant — I 
gave  it  in  favour  of  Mr  Maiiland,  although,  owing  to  local  in- 
fluence and  intimidation,  the  aggregate  majority  of  individual 
Vi>leB  was  in  favour  of  bis  opponent.  I  need  not  now  eay  any- 
thing of  the  abuse  and  threats  with  which  my  decision  was  received 
by  many  in  the  town,  of  the  childish  and  abortive  iipplicution 
to  tbe  Court  of  Session  for  au  interdict,  or  of  the  violeuce  with 
which  some  of  Sir  A,  Leith  Hay's  supporters  attempted  to  inter- 
rupt the  installation,  and  tbe  Sector's  oddresA.  All  was  amply 
repaid,  to  me,  at  least,  by  Lord  Barcaple's  grt^at  services  to  the 
University,  in  circurostaoces  of  difficulty  which  tbe  authorities  of 
a  Scotch  U[iiversity  have  rarely,  if  ever,  ent'ountered — services 
which  eventually  f-ained  for  Lord  Barcaple  the  esteem  of  most  of  his 
opponents,  and  tbe  lasting  gratitude  of  the  friends  of  the  Univer- 
sity. He  mode  the  duties  of  bis  office  a  matter  of  conscience.  Not- 
withstaudiiig  the  demands  on  his  time,  of  sncb  a  practice  at  the 
bar  lis  his,  )ie  never  hesitated  to  come  to  Aberdeen  wlien  required ; 
and  I  can  safely  say  that  no  Bector  in  Scotland,  during  bis  three 
years'  tenure  of  office,  has  ever  attended  an  equal  number  of  meet- 
ings of  Court  and  Council.  Hie  inaugural  address  was  in  a  high 
degree  sensible,  elegant,  atid  scholarly,  but  I  do  not  remember  that 
it  was  remarkable  for  anything  in  tbe  topics  or  mode  of  discussion. 
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"Lord  Barcaple  whb  a  Wliig  ami  a  Frt-e  Cl>urcitnion.  I  am 
neither.  But  there  are  few  men  wliose  memory  I  cherish  with 
greater  veneration." 

Lord  Barcaple's  inaugaral  addresi  referred  to  by  Principal 
Campbell,  I  have,  eince  receiving  the  Principal's  letter,  had  an 
opportunity  of  reading.  It  contains  an  admirable  summary  of 
the  duties  of  University  students,  and  also  of  the  temptations  to 
which  yonng  men  of  their  age  are  exposed.  Tbe  language  em- 
ployed is  correct  and  forcible — clearly  indicatiDg  that  Lord  Bar- 
caple  waa  a  person  of  high  intellectual  powers,  and  of  cultivated 

Lord  Barcaple,  though  of  decided  political  views,  was  too  con- 
scientious to  be  a  party  man.  His  friends  had  looked  forward  to 
hie  holding  tlie  olfice  of  Lord  Advocate,  and  going  into  Parlia- 
ment. It  was  probably  lucky  for  him  tliat  he  did  not  undergo 
this  ordeal,  as  tlie  exercise  of  patronage  in  a  party  spirit  would 
liave  been  to  him  a  perpetual  misery.  It  is  understood  that, 
soon  after  he  became  judge,  he  regretted  bis  elevation,  as  it 
not  only  greatly  lessened  his  emoluments,  hut  imposed  on  him 
more  onerous  duties  than  be  was  able  comfortably  to  discharge. 
Tlie  death  of  Lord  Manor,  and  the  unaccountable  delay  on  the 
part  of  Crovemment  in  filling  up  the  vacancy,  threw  on  Lord  - 
Barcaple  a  very  large  amount  of  judicial  work.  The  load  proved 
too  much,  and  be  broke  down;  continuing,  however,  to  the  very 
last  the  performance  of  duty.  If,  in  consequence  of  his  reserved 
habits.  Lord  Barcaple  had  not  many  friends,  he  had  no  enemies. 
His  amiable  dispositions,  and  strictly  truthful  character,  ensured 
to  him  a  peaceful  life,  and  the  esteem  of  all  who  knew  him. 

Robert  NASuvTn  was  boru  in  Edinburgh  in  tbe  year  1792.  He 
died  there,  12th  May,  ISTO.  He  wag  educated  first  at  tbe  High 
School,  and  when  about  fifteen  yeare  old  went  to  the  Univer- 
sity of  Edinburgh.  Intending  to  belong  to  the  medical  pro- 
fession, he  first  became  a  pupil  of  Dr  Barclay,  then  an  extra- 
academical  lecturer  on  anatomy.  Ultimately  he  became  hia  pro- 
sector, and  was  always  seated  beside  him  during  the  lecture, 
At  first  he  seemed  inclined  to  adopt  surgery  as  hia  profession. 
In  the  year  1823  he  became  a  Fellow  of  the  Royal  College  of 
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Surgeons— S}  me  also  beiog  elected  about  the  same  time.  He 
was  intimate  with  Syme,  Liston,  FeTgasson,  and  Wardmp,  and 
often  assisted  these  eminent  surgeonB  when  they  operated.  He 
afterwards  went  to  London,  and  there  was  led  to  study  den- 
tistry. He  probably  foresaw,  that  there  would  be  a  favourable 
opening  in  Edinburgh,  when  Dr  Law,  who  had  a  large  practice 
as  a  dentist,  died  or  retired. 

Mi  Nasmyth,  wlien  he  began  practice  in  Edinburgh,  was  the 
first  who  united  the  profession  of  a  dentist,  with  the  education  and 
qualificatinns  of  a  surgeon.  He  soon  succeeded  in  obtaining  public 
confidence. 

He  wrote  very  few  scientific  papers.  The  subject  of  his  in- 
augural thesis  had  been  "  Tic  Douteuieux ; "  and,  in  the  year 
1843,  he  communicated  to  the  London  and  Edinburgh  Journal  of 
Medical  Science  a  comprehensive  paper  on  the  "  Physiology  and 
Pathology  of  the  Teeth."  I  understand  that  most  of  the  prepara- 
tions in  the  Museum  of  the  Royal  College  of  Surgeons  in  this 
town,  to  illustrate  Ihe  development  of  the  t«eth,  were  made  by  Mr 
Nasmyth. 

The  late  Professor  Groodsir  was  for  seven  years  assistant 
to  Mr  Nasmyth,  and  has  publicly  acknowledged  the  valuable 
instruction  he  received  from  bim.  To  1842  Mr  Nasmyth  waa 
elected  a  Fellow  of  the  Boyal  Society  of  Edinburgh,  but  I  do  not 
think  he  contributed  any  papers  or  notices  to  our  transactions. 
He  was  vice-president  of  the  Odontological  Society  of  London, 
and  had  been  so  for  thirteen  years  before  his  death.  He  had 
held  the  offices  of  surgeon- dentist  to  King  George  IV.,  to  King 
William,  and  also  to  Queen  Victoria.  He  was  a  person  of  affable 
manners,  and  easy  access.  Dr  Smith  of  Wemysa  Place  informm 
me  that  he  kindly  gave  him  much  assistance  in  preparing  the 
lectures  which  he  delivered  in  Surgeon's  Hall,  and  also  in  estab- 
lishing the  Dental  Disp^sary  of  Edinburgh. 

Mr  Nasmyth  had  in  all  four  sons  and  four  daughters.  Two 
sons  successively  followed  for  a  time  their  father's  profession  ; 
but  both  died  of  consumption,  as  well  as  a  daughter  and  another 
eoD.  His  third  sod  was  an  officer  in  the  artillery,  and  highly  dis- 
tinguished himself  in  the  defence  of  Silistria. 

Mr  Nasmyth  had  a  much  larger  and  longer  practice,  in  hia 
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peculiar  vocation,  than  any  one  before  Id  Edioburgh.  He  was  an 
agreeable  companion,  a  fast  friend,  and  poeeeseed  of  much  general 
knowledge.  He  will  long  be  remembered  oa  a  skilful  dentist,  and 
a  higbly  respected  citizen  of  Edinburgh. 

Jahes  Young  Simpson  was  born  7tli  June  1811,  and  difd  6th 
May  1870,  being  at  the  time  Professor  of  Midwifery  in  the  Uni- 
versity of  Edinburgh.  His  birthplace  was  Bathgate.  The  house 
in  which  be  was  bom,  is,  I  understand,  still  standing.  It  ia  a 
two-storeyed  slated  house,  part  of  which  has  been  converted  by  his 
brother  Alexander  Into  a  hall  used  for  meetings  of  various  kinds. 
His  father  kept  a  baker's  shop.  His  grandfather  was  a  small 
I'armer.  He  was  the  youngest  of  seven  sons;  and  was  sent  by 
his  father  to  the  parish  school. 

He  was  sent  to  Edinburgh  University  to  study  medicine,  and 
his  expenses  there  were  paid  by  his  eldest  and  now  only  surviving 
brother,  Mr  Alexander  Simpson  of  Bathgate,  to  whose  kindness 
and  brotherly  care  he  was  infinitely  indebted.  His  parents  both 
died  when  he  was  young.  Whilst  studying  in  Edinburgh,  he 
lodged  with  his  brother  David,  then  in  busioess  as  a  baker  in 
Stockbridge. 

His  taste  for  books  in  his  boyhood  was  remarkable.  He  was 
constantly  to  be  seen  sitting  at  the  comer  of  the  fireplace  devour- 
ing any  books  be  could  get,  and  oblivious  of  the  talking  or  noise 
around  him. 

In  the  Humanity  Class,  he  attracted  the  attention  and  patronage 
of  Professor  Pillans,  who,  learning  that  he  wished  to  study  medi- 
cine, but  that  he  was  scant  of  funds,  recommended  him  to  com- 
pete for  a  buisary  endowed  for  the  support  of  hoys  of  the  name  of 
Stewart  or  Simpson.  This  advice  he  followed.  An  extended 
study  of  Latin  and  (rreek  was  however  required.  He  succeeded  in 
gaining  the  bursary,  thereby  drawing  £10  yearly  for  three  years. 

In  the  year  1832  he  obtained  his  medical  degree,  and  was  imme 
diately  afterwards  elected  by  his  fellow-students — among  whom  he 
had  become  a  favourite— to  be  Senior  President  of  the  Roya 
Medical  Society  of  Edinburgh, — an  institution  which,  for  about 
a  century  and  a  half,  has  been  supported  chiefly  by  the  University 
medical  students. 
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Young  Sim|)soii'B  graduation  thesis  so  pleased  Profeeaor  John 
Tliomson,  who  held  the  Pathological  Chair,  that  he  made  bim 
aBstBtant  in  bis  house,  and  employed  him  in  the  arrangemeDt  of 
his  library;  and  in  this  new  position  be  made  rapid  progress, 
not  only  sucking  in  all  the  knowledge  which  the  Professor  pos- 
sessed, but  venturing  on  views  and  speculations  of  his  own.  He 
was  permitted  occasionally  to  read  the  Professor's  lectnra.  to  the 
class  when  the  latter  was  unable  from  feeble  health  to  do  so — the 
Professor  himself,  however,  being  generally  present.  It  seems 
that  young  Simpson  did  not  always  confine  himself  to  the  mere 
reading  of  tbo  lecture,  but  jiresamed  occasionally  to  introdnca 
verbally  an  exposition  of  bis  own  ideas,  to  the  surprise  of  both 
students  and  Professor.  Tlie  latter,  on  one  occasion,  having  beard 
some  new  and  startling  propositions  from  the  chair,  iifter  the 
lecture  was  over,  expressed  his  dissatisfaction  in  the  retiring-room 
by  saying  to  his  young  assistant,  "  I  don't  believe  one  word  of  it, 
sir." 

Simpson  having  acquired  some  confidence  in  his  own  powers, 
thought  of  setting  up  for  himself;  and  seeing  in  tlie  newspapers 
an  advertisement  that  a  doctor  was  wanted  to  attend  the  poor  in 
the  parish  of  Innerkip  on  the  Clyde,  be  offered  himself.  But  he 
was  rejected.  He  used  to  say  that  be  felt  this  disappointment  more  . 
keenly  than  any  be  ever  met  with  in  after  life.  I  may  add  here 
what  I  think  Simpson  once  told  me,  that  an  old-established  medi- 
cal practitioner  in  a  town  not  far  from  Edinburgh,  wishing  to  get  a 
young  licentiate  as  au  assistant,  and  who  might  ultimately  become 
a  partner,  gave  out  a  subject  for  an  essay  among  tlie  medical 
students  of  the  Midwifery  Chair,  intending  to  judge  of  their  quali- 
fications partly  by  their  essays  and  partly  by  conversation. 
Simpson  gave  in  an  essay,  and  was  one  of  those  sent  for,  but  was 
i^ain  doomed  to  disappointment ;  though  from  this  village  doctor 
he  received  mnch  friendly  counsel  and  a  promise  of  future  patronage. 

During  the  next  two  or  three  years,  be  continued  to  prosecute 
his  studies,  chiefly  in  obstetrics,  and  read  several  papers  in  the 
Royal  Medical  Society.  He  also  visited  France.  He  now  began 
to  form  a  museum  of  preparations  and  objects  bearing  on  anatomy, 
and  at  length  announced  his  intention  of  giving  public  lectures. 
These  he  continued  for  three  years,  and  they  obtained  so  much 
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success,  that  Le  probably  then  couceived  the  idea,  in  the  event  of 
a  vacancy  in  the  University  Midwifery  Chair,  of  offering  himself 
as  a  caiididate. 

In  the  yeaT  1839  the  venerable  Dr  Hamilton,  who  occupied  that 
chair,  died,  on  which  event  Simpson  became  a  candidate,  support- 
iDg  his  claims  by  an  octavo  volume  of  200  pages  of  testimonials, 
and  accompanied  by  a  catalogue  of  the  museum  which,  in  the  short 
space  of  three  years,  he  had  formed,  containing  no  less  than  700 
obstetric  preparations.  The  assiduity  with  which  he  plied  his  can- 
vass, aud  the  steps  he  took  to  overcome  objections,  may  be  judged 
of  from  the  circumstance  that  one  of  the  magistrates  (the  present 
Lord  Provost  of  this  city)  having  stated  it  as  a  drawback,  if  not  a 
disqualification,  that  be  was  an  unmarried  man,  Dr  Simpson  replied, 
"  I  admit  it  ie  a  disqualification,  but  it  may  perhaps  be  removed. " 
The  next  day  he  started  for  Liverpool,  and  contracted  a  mar- 
riage there  wilh  the  daughter  of  Mr  Walter  Grindlay.  lu  about 
ten  days  thereafter,  he  returned  to  Edinburgh;  and  having  called 
on  Sailie  Law,  he  informed  him  of  the  step  he  had  taken  in 
deference  to  his  opinion,  and  then  claimed  a  promise  of  his  vote — 
which  he  at  once  received.  It  was  by  that  vote  he  won  the  Pro- 
feteorship. 

After  Simpson  was  elected,  there  were  confident  predictions  that 
the  obstetrical  class  in  the  University  would  fall  off,  and  that  many 
fewer  patients  would  come  to  Edinburgh  to  be  under  the  Pro- 
fessor's care.  Animadversions  fell  freely  on  the  magistrates,  as 
patrons  of  the  chair,  for  electingamao  withouteither  experience  or 
reputation,  instead  of  bis  opponent,  who  had  both.  These  antici- 
pations soon  proved  to  be  utterly  unfonnded.  After  Simpsou'e 
election  the  Midwifery  Class  was  crowded.  Not  only  did  students 
flock  to  it  in  greater  numbers  even  than  formerly,  but  medical 
officers  of  the  navy  and  army,  when  home  on  furlough,  frequently 
attended  to  hear  the  original  views  of  the  youthful  Professor, 
and  were  delighted  by  the  aptness  of  his  illustrations  and  the 
eaineetnesB  of  his  style  of  lecturing. 

He  also  carried  on  obstetric  investigations  and  experiments  on 
various  points  of  difficulty,  accounts  of  which  were  given  by  him 
from  time  to  time  in  papers  read  at  Societies,  or  inserted  in 
medical  journals.     He  soon  came  to  be  employed  extensively 

DiqitlzscbyGOOqlC 


250  Proceedings  of  the  Hoyal  Society 

M  a  practitioner,  so  that  be  bad  abundant  opportunity  o(  seeing 
cases,  both  novel  and  insttuctive,  and  of  trying  improved  methods. 
At  the  same  time,  he  was  acquiring  a  complete  knowledge  of  all 
that  had  been  written  by  others,  not  only  in  Europe  and  America, 
but  even  by  the  G-reeks  and  Romans, — his  good  claKsical  knowledge 
in  this  respect  proving  serviceable.  He  allowed  himself  very  little 
sleep;  and  even  in  the  boasee  of  hie  patients,  whilst  waiting  in  an 
adjoining  room  till  his  services  were  required,  used  to  write  out 
papers,  or  arrange  materials  for  them. 

His  mind  was  so  exuberant  and  versatile,  that  it  often  flowed 
over  and  beyond  the  pale  of  his  own  special  department.  Thus, 
one  of  his  papers  read  before  the  Medico-Chirurgical  Society  in 
1841  was  entitled,  "  Antiqtiarian  Soiice*  of  Leproty  and  Leptr 
Boipitalt  t'n  Scotland  and  England."  Another  had  this  title, 
"  Was  the  Soman  Army  provided  with  JHedteal  Officent" 

His  great  delight,  and  therefore  his  incessant  aim,  was  to  search 
out  something  new;  and  for  this. purpose,  whilst  be  ransacked  his 
own  brain,  he  did  not  disdain  to  rummage  among  the  mbbieb  of 
old  authors,  or  to  talk  with  any  one  who  bad  anything  to  com- 
municate on  any  tuple  whatever.  One  of  the  subjects,  io  his 
special  department,  which  interested  him  greatly,  was  the  use  of 
anKStbetics.  He  had  read  of  the  experiments  performed  in 
America  by  several  surgeons  and  dentists,  to  render  their  patients 
insensible  to  pain  by  inhaling  sulphuric  ether.  He  did  not  see 
why  this  substance  should  not  be  used  in  obstetric  practice.  Ac- 
cordingly, he  administered  it  to  one  of  his  patients  for  the  purpose 
of  lessening  the  pains  of  parturition.  This  case  occurred  on  the 
19th  January  1847.  Before  that  time,  no  one  had  ventured  ou 
Bucb  an  experiment.  It  was  entirely  successful ;  and  be  thought 
it  so  important  that,  next  day,  be  communicated  the  discovery 
to  his  class,  and  gave  a  special  report  of  it  to  the  Obstetric  Society. 
The  case  got  into  the  newspapers,  and  within  ten  days  the  process 
was  repeated  successfully  in  the  hospitals  of  London  and  Paris. 
During  the  following  six  months,  Dr  Simpson  continued  the  nee 
of  sulphuric  ether  both  in  the  Edinburgh  hospitals  and  in  private 
practice,  resorting  to  it,  however,  only  in  cases  where  nature  had 
to  be  assisted.  Simpson  found  several  drawbacks  in  the  use  of 
Butphuric  ether,  and  in  consequence  began  to  search  for  something 
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better.  Oue  of  the  many  snbstanceB  he  tried  was  chloroform, — a 
.liquid  diacovered  in  1832  by  two  German  chemists,  and  first  accu- 
rately investigated  and  described  in  1635  by  Dumas  of  Paris.  The 
trials  which  Professor  Simpson  made  with  the  vapour  of  this  sub- 
stance, and  which  led  him  to  adopt  it,  took  place  in  November 
1847.  But  it  is  right  to  add  that,  though  he  discovered  its 
suitableness  for  the  purpose  wanted,  and  was  the  first  to  introduce 
it  into  surgical  practice,  the  idea  of  so  using  it,  had  occurred  to 
others  previously,  and  trials  liad  even  been  made  with  it.  Thux 
Boucbaidal,  in  a  book  called  "Nouveau  Formulaire  Magiitral," 
published  in  1845,  and  a  copy  *  of  which  Profesaor  Simpson  was 
posGCBsed  of,  under  the  bend  of  "  Gbloroforme,"  observes — 

"  Cependaiit  on  pent  as  croiro  aotorisi  i  regudei  I'effect  da  CbloioformB 
vomme  antiBpaamodiqae,  et  k  penaei,  que  si  nna  grande  aaolagte  de  composi- 
tion lapprocbait  cette  Bnbstftuce  des  tiheri,  noe  graniie  analogi*  sTaetion  itait 
igtdtmeat  ecmamaw  d  ckaeimt  dt  cm  labttaaeti." 

Another  French  physician,  Flourens,  read  to  the  Paris  Academy 
in  Uarch  1847  a  paper  on  the  properties  of  chloroform,  mentioning 
a  number  of  experiments  be  had  made  of  its  effects  on  animals, 
and  adding  that  "  he  did  not  think  it  could  be  tued  with  safety  in 
medical  practice." 

Besides  the  information  or  hints  derived  from  these  sources,  it 
must  be  added,  that  a  Mr  Waldie  of  Liverpool,  who  was  chemist 
to  the  Apothecai ies'  Company  there,  being  in  Edinburgh  during 
the  mouth  of  October  1847,  called  ou  Professor  Simpson;  and 
on  the  Professor  telling  him  that  he  was  seeking  for  some 
better  ancesthetic  than  sulphuric  ether,  Mr  Waldie  spoke  to  him  of 
chloric  ether,  and  advited  him  to  try  pure  chloroforoi  unmixed  with 
alcohol.  He  asked  Mr  Waldie  to  submit  to  anaestbesatiou  by 
chloroform,  but  Mr  Waldie  was  not  willing  to  risk  the  experiment. 

Acting  OD  this  hint.  Professor  Simpson  procured — I  believe 
from  Professor  Gregory — a  small  quantity  of  pure  chloroform, 
which,  however,  be  did  not  at  the  moment  make  use  of.  It  was 
put  aside,  to  be  tried  with  other  substances  at  some  more  conve- 
nient opportunity.  Late  one  evening — it  was  the  4tb  November 
1847 — to  quote  from  Professor  Miller's  pamphlet,  Professor  S.imp- 

*  I  state  this,  on  the  aalhoritj  of  the  Editor  of  the  Edinbnrgb  Medical 
JonniBl  for  Nov.  1870,  p.  441. 
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eon  resumed  his  experimente,  aided  by  his  two  frJenda  and  assist- 
ants,  Dre  Keith  and  Mattliews  Duncan — 

"  HaviDg  inhaled  serenl  anbaUocea,  but  irithout  much  eSoct,  it  occurred 
to  the  ProresBor  to  tr;  B  ponderous  material,  ivhich  he  faul  fomiBrlj  set  uide 
OQ  ft  lumber  table,  and  nbjeb,  on  account  of  ila  weight,  ha  had  hitherto  re- 
garded aa  of  DO  likelihood  whatever.  That  happened  to  be  a  atnall  bottle  of 
chloroform.  It  was  aearched  for  and  recovered  from  beneath  a  heap  of  waste 
paper.  With  each  tumbler  newly  charged,  the  inhalers  resumed  their  voca- 
tion. Immediatel;  an  unwoDted  bilarit;  seized  the  partv.  The;  became 
bright-eyed,  very  happy,  and  very  loquacioua — expatiating  on  the  delicions 
aroma  of  the  new  fluid.  The  coDTereation  was  of  anusual  intelligence,  and 
quite  charmed  the  liete nere — some  ladies  of  the  family,  and  a  naval  officer, 
brother-in-law  of  Dr  Simpson.  But  suddenly  there  were  sounds  like  those  of 
a  cotton  mill,  louder  and  louder.  A  moment  more,  then  all  was  qniet ;  and 
then — a  crash.  On  awaking,  Dr  Bimpson's  flret  perception  was  mental. 
'  This  is  far  stronger  and  better  than  ether,'  said  he  to  himself.  His  second 
was.  to  note  that  he  waa  prostrate  on  the  floor,  and  that  among  the  friends 
abonl  him  there  was  diiifusion  and  alarm.  Hearing  a  noise,  he  turned  round 
and  saw  Dr  Duncan  beneath  a  chair,  his  jaw  dropped,  bis  eye>  staring,  his 
head  bent  half  nnder  him,^ — quite  unconscious,  and  snoring  in  a  most  deter- 
mined manner.  More  noise  slitl,  and  much  motion,  caused  by  Dr  Keith's 
legs  making  valorous  efforts  to  overturn  the  supper-table.  By  and  bye,  Dr 
Simpson  having  regained  his  seat,  Dr  Duncan  having  finished  his  nncum- 
fortable  slumber,  and  Dr  Keith  having  come  to  an  arrangement  with  the 
table,  the  sederunt  was  resnned.  Each  expressed  himself  delighted  with  the 
new  agent,  and  its  inhalation  was  repeated  many  times  that  night — one  of 
the  ladies  gallantly  taking  her  place  at  the  tabic— until  the  supply  of  chloro- 
form was  exhausted.  In  none  of  these  subsequent  inhalations,  however,  was 
the  experiment  pnsbed  to  nnconscionsness.  The  first  event  had  quite  satisfied 
them  of  the  agent's  full  power  in  that  way.  The  feetivities  on  the  occasion 
did  not  terminate  till  three  in  the  morning." 

Such  is  the  graphic  account  given  by  the  late  ProfesBur  Miller  of 
the  way  in  which  Simpson  discoveied  the  properties  o(  chloroform 
vapour.  The  value  of  the  discovery  depends  upon  the  superiority 
of  chloroform  to  Bulphnric  ether,  the  antestbetic  previously  employed 
\D  medical  practice ;  and  its  superiority  was  manifested  thus,  viz. — 
1(1.  That  a  much  less  quantity  of  chloroform  answered  ;— 2ii.  That 
insensibility  came  on  more  rapidly ; — 3d.  That  no  special  instru- 
ment for  its  administration  was  required; — iih.  That  the  odour 
was  more  agreeable. 

On  the  Sth  November  1847,  this  new  annsthetic  was  employed 
by  Professur  Simpson  in  a  case  of  labour  for  the  first  time,  and 
with  complete  success.     It  soon  became  kuown  in  the  profession, 

DiqitlzscbyGOOqlC 


of  Edinburgh,  Session  1870-71.  253 

sod  it  has  io  thia  country  almoat  superseded  every  otUer  anaestbetic, 
both  for  aidJDg  pailuritioD  and  for  Domberlesa  eargical  operatioDs. 
In  these  operations,  especially,  it  has  been  of  incalculable  service, 
not  only  by  relieving  from  safieriag,  but  by  saving  life.  I  observe 
a  statement  by  an  American  army  physician  made  lately  at  a  public 
meeting  in  Washington  that — • 

"  Id  the  Crimea  aod'  lUliaa  campaigni.  chlorofomi  «m  employed  withaot 
n  BiDgle  disaster.  A  similar  result  attended  it>  lue  during  the  gSTen  weeks' 
AQBtro-Praesian  war.  In  onr  own  unhappy  struggle  [he  allades  to  the 
American  Ciiil  War]  chloroform  was  administered  in  mote  than  120,000 
cases,  and  I  am  annble  to  learn  of  more  than  eigbt  ca»es  in  which  a  fatal 
result  can  be  fairlj  traceable  to  its  use." 

The  inimenae  quantity  of  chloroform  manufactured,  is  a  suffi- 
cient proof  of  the  trust  universally  placed  in  it,  and  of  the 
immense  amount  of  human  suffering  relieved  by  it.  In  October 
1869,  when  the  freedom  of  this  city  was  bestowed  on  Simpson, 
he  mentioned  that  the  distinguished  firm  of  apothecaries  in  Edin- 
burgh, who  manufacture  chloroform,  were  making  it  in  such  quan- 
tities BB  to  yield  about  8000  doaes  daily.  Ou  inquiry  last  week, 
I  learnt  from  Mr  Flockhart,  that  the  quantity  of  chloroform 
now  manufactured  in  this  town  is  about  double  what  it  was  a 
year  ago,  partly  in  consequence  of  the  sanguinary  European  war 
which  has  raged  for  the  last  five  months,  but  chiefly  in  con- 
sequence of  the  rapidly  increasing  use  of  chloroform  in  general 
practice.  Ur  Flockhart  told  me  that  just  before  Paris  was 
invested,  he  sent  to  the  medical  staff  there  lOOO  bottles  of  1  lb 
each, — which  he  heard  had  reached  their  destination.  He  alsosent 
800  bottles  to  the  Germans.  These  went  chiefly  to  the  army  of 
Ihe  Crown  Prince. 

Numerous  were  Simpson's  diBOOveries  and  improvements,  even 
in  departments  of  medicine  which  lay  outside  of  his  own  special 
field.  The  stopping  of  hcemnrrbage  from  cut  arteries  is  effected 
by  ligatures  or  torsion.  He  proposed  pins  or  needles,  by  which  to 
close  the  artery. 

With  a  view  to  arrest  the  spread  of  epidemics,  he  urged  the 

complete  isolation  of  the  patients  affected ;  maintaining  that,  as 

rinderpest  could  be  stamped  out  by  the  immediate  slaughter  of 

cattle  attacked  by  it,  so  scarlet  fever,  measles,  I  looping- cough,  and 

•  Ed.  Med.  Jonrual  for  Nov.  1870.  p.  A1Z. 
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even  small-pox  might  be,  if  not  extioguisbed,  at  all  events 
arrested,  and  so  cease  to  be  epidemic,  b;  strict  confinement  and 
complete  iBolation  of  the  first  individual  attacked. 

His  vievs  on  the  subject  of  targe  hospitals  were  founded  on  the 
same  principle.  He  insisted  that,  nhere  large  numbers  of  sick 
persons  were  accommodated  in  one  building,  the  atmosphere  of 
the  building  became  tainted,  so  that  the  patients  had  lees  chance 
of  recovery  ;  and  this  position  he  attempted  to  prove,  by  contrast- 
ing the  proportion  of  recoveries  iu  hospitals  with  those  in  private 
dwellings.*  On  tliese  grounds  Simpson  advocated  the  abolition  of 
large  hospitals  in  towns,  and  the  substitution  of  detached  cottages 
in  the  country ;  but  if  hospitals  were  to  he  retained,  then  instead 
of  wards,  with  from  fifty  to  one  hundred  beds  in  each,  and  reached 
by  lobbies  and  staircases  inside  of  the  bouse,  he  urged  that  the 
wards  should  contain  as  few  beds  as  possible,  and  that  access  should 
be  had  to  them  by  stairs  outside  of  the  hospital  altogether. 

That  the  principle  on  which  these  views  are  based,  as  to  the 
expediency  of  isolating  persons  affiicted  with  any  complaint  what- 
ever, is  a  sound  one,  none  can  doubt,  who  has  read  the  recent 
discoveries  of  minate  and  invisible  organic  duet  in  the  atmosphere, 
consisting  in  many  cases  of  germs — germs  which,  inhaled,  and 
entering  the  blood,  engender  diseases  in  the  body. 

I  see  it  stated  in  a  well-informed  medical  paper  that,  among 

•  In  the  speech  wbieli  he  iuhcIh  dii  receiving  the  Freedom  of  the  City,  lie 
rBinarkad  that — "  When  such  a  Bimple  operation  as  amputation  of  tlie  /on- 
am  is  performed  upon  a  poor  man  in  the  coantrj,  and  in  hie  own  cottage 
home,  only  abont  ona  in  180  diea.  But  the  atatiBtics  of  our  large  metro- 
politan hospitals  diBcloaetbe  stem  and  terrible  truth,  that  if  these  man  bad 
been  inmates  of  their  great  wards,  thirty  of  tbom,  or  about  one  in  six,  would 
have  peiishad ;  a  fact,  among  many  others,  which  calls  earnestly  and  stroogly 
for  flome  great  reform  in  our  large  hoepitals,  if  tbeee  institatious  are  to  main- 
lain  tbeir  ancient  character  ae  the  homen  of  charity  and  beneficence."  These 
atatisticB  applied  to  the  amputation  of  the  artn.  He  gathered  similar  BtstisticB 
from  the  hospitals,  and  from  country  practitioners,  in  regard  to  ampalations 
of  the  Ug,  which  ahowed  that  these  amputations  in  like  manner  were  always 
more  succeasful  in  the  country  than  in  town  hoepitalB,  notwithstanding  the 
greater  skill  of  town  aurgeona ;  and  be  deduced  the  following  conclusions  :— 
"  1((.  That  about  three  timea  aa  many  patients  die  after  Itmi  amputations  in 
our  large  hoapitala,  aa  die  from  the  same  operations  in  private  and  country 
practice.  2d.  That  to  reduce  the  deatb-rale  from  operations  iu  oar  surgical 
hospilala,  we  should  strive  to  saaimilatfi  their  form  and  arrangements  to  the 
condition  of  patients  in  privote  and  country  practice." 
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Professor  Simpson's  nnpublisbed  papers,  some  nutes  bava  been 
fouDd  bearing  on  hospital  reform.  Tbat  be  felt  tbere  was  some- 
tbing  more  which  he  could  have  done  on  tbat  subject,  is  evident 
from  a  remark  made  during  hia  lant  illnesB,  when  informed 
that  bia  recovery  was  dottbtfsl.  He  said  tbat  bid  principal  reason 
for  desiring  a  prolongation  of  life,  was  that  he  might  do  a  little 
more  service  in  the  cause  of  hospital  reform. 

These  Buggestions  for  improved  practice,  in  tbe  various  depart- 
ments of  the  medical  profession,  exposed  Professor  Simpson  to 
much  controversy,  Naturally  zealous  and  ardent,  and  knowing 
that  energy  and  perseverance  were  required  for  any  reform  which 
WBS  likely  to  disturb  old  customs,  or  existing  interests,  he  fre- 
quently drew  down  on  himself  opposition  of  a  disagreeable  and 
personal  character.  Thus,  with  reference  to  his  proposal  to  sub- 
stitute acupressure  for  deligation,  the  Professor  of  Clinical  Surgery, 
in  tbe  same  Caiversity,  complained  bitterly  of  his  interference  in 
mattere  alieo  to  the  midwifery  chair;  observing  that  he  had  not 
interfered,  as  be  might  have  done,  to  denounce  certain  useless 
and  often  dangerona  iunovationa  introduced  in  tbe  treatment  of 
liiaeases  of  women. 

The  amount  of  private  practice  which  Professor  Simpson 
obtained,  not  only  iu  hie  own  apeclal  department,  but  even  in 
other  cases,  ia  probably  greater  than  any  one  ever  before  pos- 
sessed. So  other  result  could  be  expected,  aa  tbe  discoveries 
and  improved  practices  wbich  emanated  from  bim,  indicated  not 
only  knowledge  to  an  immense  extent,  but  inveutivenesa  in 
meeting  tbe  most  difficult  cases.  He  bad  also  an  agreeable 
expression  of  countenance,  and  a  melodious  voice,  qualities 
which,  in  a  sick  room,  made  bis  attendance  doubly  aeceptable. 
I  have  often  aeen  in  bis  bouse,  after  two  o'clock,  a  levee  of 
patients  oi  all  claasea,  rich  and  poor,  amounting  sometimes  to  hun- 
dreds, desirona  of  consulting  him.  Not  only  were  tbe  drawing- 
room,  dining-room,  and  library  filled,  but  even  the  lobby  and 
paasagea.  Frequently  peisuna  hod  to  leave  without  being  able  to 
sea  tbe  Professor,  after  waiting  two  hours.  A  relative  of  my  own, 
having  succeeded  in  catching  him  as  be  looked  into  the  room 
where  abe  was  waiting,  told  her  caae  to  him.  He  then,  without 
saying  anything,  left  the  room,  but  immediately  returned  with  a 
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book,  in  which  he  poiuted  out  to  lier  the  part  where  ihe  wonid 
find  her  ailmeat  deacribed.  He  aeked  her  to  read  it  whilst 
he  went  to  another  iiatieot,  promUing  to  come  back  in  a  few 
minntes.  Having  read  the  passagee,  and  wailed  patiently  an 
hour,  she  rang  the  bell  to  inquire  for  the  Profeesor,  and  found  he 
Iiad  left  the  bouse,  having  forgotten  his  promiee  to  return. 

ProfeBsor  Simpson  was  untidy  in  his  dress,  and  on  one  occasioo 
much  offended  a  lady  of  rank  who  called  on  him  at  his  house,  by 
coming  to  see  lier  in  his  "stocking  soles."  Frequent  complaints 
were  made  by  patients,  as  to  his  want  of  punctuality  in  returning 
to  visit  them.  One  lady,  having  been  desired  by  him  to  remain  in 
bed  till  he  returned  again  in  a  day  or  two,  remained  ten  days  in 
bed,  waiting  for  his  return.  He  had  been  called  to  the  country, 
and  had  forgotten  this  town  patient  altogether. 

It  was  indeed  not  to  be  wondered  at  that,  with  such  multitudes 
of  objects  engroE'sing  his  thoughts,  he  should  be  occasionally  dis- 
tracted and  diverted  from  his  professional  eng^emente.  Never- 
tlielesB,  BO  great  was  the  confidence  reposed  in  bis  skill,  that  these 
breaches  seldom  caused  patients  to  forsake  him.  Traps  were 
often  laid  to  catch  him  for  attendance,  or  a  consultation.  With 
that  view  persons  went  to  his  house  to  breakfast  though  unin- 
vited, and  they  were  always  graciously  received.  Sometimes  when 
they  saw  his  carriage  standing  at  a  door,  they  used  to  get  into  it 
an<l  wait  till  the  Professor  came  out  from  his  visit. 

It  has  been  estimated,  by  those  who  had  means  of  knowing  the 
extent  of  Simpson's  practice,  that  the  number  of  strangers  who 
came  to  Edinburgh  for  his  advice  and  treatment,  must  have  caused 
an  expenditure  of  at  leiist  i^80,000  a-year  among'  the  hotel  and 
lodging-house  keepers. 

It  is  obvious  that,  on  account  of  Professor  SimpsoD'a  extensive 
practice,  the  instruction  which  he  was  capable  of  giving  must 
have  been  most  valuable.  Nor  vrua  it  only  in  the  class-room  and 
to  students,  that  instruction  was  given  by  him.  He  was  ever 
acceBsible  to  bis  professional  brethren,  and  particularly  to  country 
practitioners,  when  they  were  at  a  loss  in  cases  of  difficulty.  One 
of  this  last  class,*  who  frequently  resorted  to  him,  having  been 

•  Dr  Tumbull  of  Coldstream.    B<-  hna  nlloweil  me  toquute  rrom  liia  letter. 
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aaked   by  me   for  any  notices  of  bis  deceoEed  rrien<I,  wrote  as 
follows ; — 

"  My  own  anocBBB  in  pniotioe  has  been  far  beyond  anything  I  srer  aulici- 
pated  when  I  comneDced  it,  now  upwards  of  a  quarter  of  a  century  since 
and,  beyond  all  qneation,  I  feel  indebted  lo  Simpson,  more  tbao  to  all  m; 
other  teachera  put  together.  He  was  loveable  and  winning  to  ao  extent 
which  no  words  of  mine  can  pipreea.  I  spent  tbe  Torenoon  of  the  day  on 
which  he  returned  from  the  Mordaunt  trial  with  him.  Then  he  performed 
npon  a  patient  of  my  own,  a  difficult  operation,  on  which  he  eliowed  great 
resource  and  skill,  probably  the  last  operation  of  importance  he  did.  He 
gave  me  an  acconnt  of  the  trial,  end  of  Serjeant  Ballautyne's  examination. 
He  iuqDirsd  most  aniiously  about  Dr  Wetsou's  lecture  given  the  preiioaa 
night  at  the  Boyal  College  of  Surgeons,*  at  which  I  was  present,  and  at  his 
absence  from  which  he  expressed  great  regret.  A  part  of  the  day  on  which 
he  died,  I  spent  with  Dr  Warborton  Begbie;  and  when  he  told  me  that  I 
would  never  see  Simpson  again,  adding  '  I 'know  fall  well  how  genuine  lias 
been  your  nratusl  friendsiiip  for  many  long  jears,'  1  conld  give  no  reply. 
The  t«arB  aCiile  down  my  cheeks,  and  I  experienced  then,  and  many  a  time 
since,  a  genuine  Borrow  which  I  seed  not  describe.  To  his  faults  1  was  not 
blind,  and  foi  them  he  has  aaauredly  been  Bufflciently  abused  by  those  who 
thick  that  he  only  was  blameworthy.  Wliile  1  live,  I  shall  never  cease  to 
tbink  of  him,  as  I  always  fonnd  him,  generous,  attractive,  and  loveable,  far 
beyond  any  other  man  whom  I  ever  met." 

Let  me  add,  that  lie  did  Dot  confine  bis  teachings  and  coun- 
sel (o  students  and  to  medical  practJtioDers.  To  all  and  sundry 
who  chose  to  consult  him,  and  who  conld  obtain  access  to 
him,  he  was  ever  ready  to  open  up  the  stores  of  bis  wonderful 
memory  and  inventiveness.  On  the  last  occasion  that  I  bad  a 
lengthened  conversation  with  him,  be  adverted  to  the  future  pros- 
pects of  medical  discovery,  and  pointed  out  that  these  would 
depend  more  on  the  chemists  than  on  any  other  class  of  inves- 
tigators. He  remarked,  bow  little  we  yet  kbew  'tlie  reasons 
why  particular  medicines  were  efBcacious  in  arresting  disease,  and 
said- that  he  thought  do  medical  student  should  receive  a  licence 
who  was  not  an  expert  chemist. 

Whilst  ready  to  teach  veirbally,  whether  in  the  University,  or  in 
medical  societies,  or  in  his  own  house,  be  bad  little  ta^te  for  writing 
medical  hooks,  but  it  was  a  recreation  to  bim  to  write  on  aj-chffiologi- 
cal  subjects.  The  two  large  volumes  on  obstetrics,  which  bear  his 
name,  were  published,  not  by  bim,  but  by  two  medical  friends,  who 
undertook  the  labour  of  collecting  and  arranging  his  papers  and 
*  The  subject  of  lecture  was  Hoepital  Reform. 
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ootices,  published  aud  unpubliebed.  In  the  few  words  of  preface  to 
the  first  volume,  written  to  express  his  gratitude  to  Dr  Priestley 
and  Dr  Storer  who  edited  tbe  work,  FrofeBsor  Simfeon  states  that 
ruoflt  of  the  communicatioDB,  which  appeared  in  it,  "  were  iTiitten 
hurriedly,  and  amid  the  inceseant  distractions  of  practice."  He 
adds,  "  If  I  had  attempted  to  remodel,  extend,  and  correct  tbetOf 
they  would  never  have  been  published  in  a  collected  form."  Wby 
not,  be  explains  in  his  preface  to  volume  second,  in  these  words, 
"  The  life  of  a  busy  accoucheur,  is  not  a  life  fitted  for  literary 
work.  Besides,  I  am  quite  deficient  in  some  of  tbe  principal  quali- 
fications generally  laid  down  as  requisite  for  succeu  in  medical 
antborship ;  having  no  beait  or  habit  for  tbe  daily  written  annota- 
tion and  collection  of  individual  cases  and  observations — no  enffi- 
cient  industry  and  endurance  fur  the  pursuit  of  any  tedious  and 
protracted  investigation,  and  no  great  love  of  lifting. my  pen,  but 
the  very  reverse." 

The  reasons  tlius  assigned  by  Professor  Simpson  why  he  would 
never  have  published  these  two  volumes,  must,  of  couroe,  be 
accepted.  But  there  was  probably  another  and  a  stronger  reason, 
which  it  might  have  been  thought  ostentatious  for  him  to  mention, 
— and  that  was  his  insatiable  love  of  discovery — his  constant  desire 
to  be  ever  searching  for  new  truths,  and  to  occupy  as  -  much  of 
his  time  as  pessihle  on  fields  where  these  truths  were  likely  to  be 
found.  He  would  have  considered  it  a  waste  of  time  to  have  gone 
back  on  bis  own  previous  researches,  in  order  ^o  present  them 
again  before  the  world  in  tbe  form  of  «  published  work.  That 
was  a  mechanical  labour  which  he  willingly  and  wisely  handed 
over  to  tbe  kind  friends  who  voluntarily  undertook  it,  and  thus  he 
was  left  free  to  apply  his  time  and  talents  to  the  nobler  buainees 
of  advancing  human  knowledge  by  fresh  discoveries. 

His  active  and  buoj^ant  mind,  not  finding  enough  to  occupy  it 
within  the  circle  of  medicine,  sought  more  work  in  -other  fields, 
and  hfflice  be  was  led  to  become  a  member  of  various  societies  of 
a  scientific  character.  The  first  that  be  joined  after  becoming 
ProfesBOT  of  Midwifery,  was  out  own  Society.  He  joined  it  in  the 
year  lB44,iuid'ContTihuled  the  following  papers,  which  were  read 
at  our  evening  meetings,  and  afterwards  printed  in  onr  Proceed- 
ings:— 
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Oa  the  16tb  Deoembei  1850.  Notice  of »  Bomaii  Practitioner's 
Medicine  Stamp,  found  near  TiaDent. 

On  the  6th  March  1857.     History  of  an  Anenceplialic  OiilU. 

On  the  19th  December  1859.  On  AcupreBdure,  a  New  Method 
of  aireBting  Hemorrhage. 

On  the  6th  April  1863.  Note  on  the  Auatomical  Type  in  the 
Fanis  tJmbilicaliH  and  Placenta.      (TransactionB,  Vol.  XXIII.) 

On  the  same  night.  Note  on  aPictieh  inacription  in  theChnrth- 
yard  of  St  Vigeans. 

On  the  2d  Jannary  1866.  Notices  of  Borae  Ancient  SculpturtH 
on  the  walls  of  caves  in  Fife. 

On  the  2Cth  JaDuar?  1868.  Pyramidal  Structures  in  Egypt  and 
elBenhere ;  and  the  objects  of  their  erection. 

With  reference  to  this  last  paper,  the  chief  purpose  of  which  waa 
to  refute  Professor  Piazzi  Smyth's  theory  about  the  origin  and 
object  of  the  Great  Pyramid  of  Egypt,  it  has  been  publicly 
stated,  by  a  person  who  alleges  he  knew  the  fact,  that  to  enable 
bim  to  test  the  correctness  of  Professor  Smyth's  calculations,  aad 
to  write  the  papers  above  referred  to,  he  devoted  three  weeks  to  a 
study  of  decimals  and  a  perusal  of  astroDomical  works ; — a  pro- 
ceeding which  shows  the  zeal  and  energy  with  which,  even  at  a  late 
period  of  life,  he  could  take  up  a  new  subject. 

Another  Society,  unconnected  with  the  profession  which  he 
joined,  and  in  the  business  of  which  he  took  almost  inconceivable 
interest,  was  that  of  the  Antiquariet  of  Scotland.  Every  volume 
of  the  "  Transactions "  of  that  Society,  after  he  joined  it  in  the 
year  1859,  teems  with  notices  from  his  pen ;  and  a  very  consider- 
able number  of  the  articles  in  the  Society's  instructive  museum 
were  donations  from  him.  I  have  beard  that  he  had  formed  a 
kind  of  map  or  glossary  applicable  to  both  England  and  Scotland, 
showing  the  sites  of  curious  old  buildings,  camps,  or  stand- 
ing stones ;  so  that  on  the  occasion  of  making  any  professional 
visits  to  districts  where  these  relics  occurred,  he  might  contrive  to 
see  them. 

When  made  a  Vice-President  of  the  Society  of  Antiquaries,  be 
delivered  an  address,  which  for  archaeological  lore  and  acquaint- 
ance with  the  early  history  of  Scotland,  astonished  those  who  had 
made  this  subject  a  special  study  all  their  lives.    Tliis  address  was 

DiqitlzscbyGOOqlC 


260  Pi-oceedings  of  the  Royal  Socttty 

published,  and  bad  a  motto  from  Wordsworth  prefixed  to  it,  truly 
expressive  of  the  heartfelt  pleasure  which  these  researcbeB  gave  to 
him.     The  motto  was — 

"  I  have  owed  to  them 

In  boon  of  weariDeei,  seHBiitioiii  aweet 

Felt  in  the  blood." 

I  remember  beiug  so  struck  with  this  address,  that  after  reading 
it,  I  beg^d  a  common  friend  to  ask  Sir  James,  how  and  when  he 
had  found  time  to  compose  it.  His  ansver  was,  that  be  bad 
written  it,  after  twelve  o'clock  at  night,  as  he  always  felt  refreshed 
by  writing  papers  of  that  kind.  Tliere  is  a  paragraph  at  the  con- 
clueion  of  this  address,  which  deserves  to  be  quoted  for  ita  own 
sake,  and  because  it  led  to  an  occurrence  which  illustrates  Pro- 
fessor Simpson's  readiness  to  aid  in  any  good  object. 

"  In  the  name  of  this  Society,  and  in  the  name  of  my  felh>wK!onntrymen 
generally,  I  here  aoleiunly  protest  Bgaiust  the  perpetration  of  any  more  acta 
of  ueelese  and  ehurlitb  VandBligm  in  the  needless  destraction  and  reuoval  of 
our  Scotch  an liqaariaa  remains.  I'heheaiiaof  all  laol  Scotchmen,  OTHtAowing 
ai  they  do  with  a  love  of  tbeir  native  land,  mnat  ever  deplore  the  nnnecedaary 
demolition  of  all  such  early  relics  and  monuments,  as  in  any  degree  contii- 
huts  to  the  recovery  and  restoration  of  the  past  history  of  onr  country  and  of 
our  ancestors.  These  ancient  relics  and  monnments  are  in  one  sense  national 
property,  for  historicoU;  they  belong  to  Scotland  and  to  Sootsmen  in  general. 
more  than  they  belong  to  the  Individual  proprietors  npon  whose  gtoand  they 
happen  to  stand." 

Shortly  after  this  address  was  published,  a  vi^it  was  paid  by 
the  Berwickshire  Naturalists'  Club  to  a  remarkable  old  fortress  in 
Berwickshire,  called  Edins  Hald,  situated  among  the  Lammermnir 
Hiils.  Those  members  of  the  Club  who  had  known  the  building 
iu  former  years,  were  distressed  to  see  bow  much  it  bad  been  muti- 
lated, and  to  bear,  that  it  was  about  to  be  again  used  as  a  quarry, 
for  some  stone  dykes  soon  to  be  erected.  The  Club  addressed  the 
proprietor  on  the  snhjecl,  with  the  view  of  obtaining  a  promise 
to  prevent  farther  dilapidation.  He,  however,  showed  no  dis- 
position to  grant  our  request.  We  resolved  then  to  submit  the 
matter  to  Professor  Simpson,  on  the  faith  of  the  admirable  address 
to  which  I  have  just  adverted.  It  turned  out  fortunately  for  us, 
that  the  wife  of  the  proprietor,  who  resided  near  Edinburgh,  was 
then  attended  by  Professor  Simpson.  He  willingly  undertook  to 
intercede  with  her  on  behalf  of  this  old  relic,  and  obtained  from 

DiqitlzscbyGOOqlC 


of  Edinburgh,  Seaaion  1870-71.  261 

her  huBband  a  letter  coutaiiiiag  a  written  promise  to  hare  the  ruin 
protected  from  further  injur; ;  which  letter  he  handed  over  to  the 
secTetar;  of  the  Society  of  Antiquaries. 

ProfeBBor  Simpson  ma<le  several  visits  to  Northumberland,  to 
examine  the  sculptured  rocks  at  Old  Bewick,  Poddiiigton, 
and  Roughting  Linn,  as  well  as  to  inspect  the  escavatiouD  of 
the  British  forte,  dwellinge,  and  Bepulchres  on  Tevering  Bell, 
among  the  Cheviot  Hills.  On  one  of  these  occasions,  he  joined  a 
meeting  of  the  Berwickshire  NatnralistB'  Club — of  which  club  be 
Mas  a  member;  but  not  being  able  to  keep  up  with  the  party, 
walking  through  long  wet  braobens,  and  over  rough  moorland,  he 
borrowed  a  horse.  Not  being  a  good  rider,  he  eoon  came  to  grief, 
in  a  bog  which  had  to  be  crossed.  Tlie  horse  finding  himself 
sinking,  reared,  and  tumbled  the  Professor  into  the  mud,  out  of 
which  he  was  estricated,  with  some  difGculty,  and  to  the  no  small 
detriment  of  garments.  After  getting  through  the  bog,  he  valiantly 
mounted  again,  glad  to  have  that  method  of  reaching  the  top  of 
one  of  the  highest  of  the  Cheviots. 

One  of  the  archaeological  topics  on  which  Professor  Simpeon  wrote 
an  interesting  paper,  was  a  history  of  the  Oratory  on  the  island  of 
Inchcolm.  I  understand  that  he  had  collected  materials  for  a  simi- 
lar account  of  all  the  islands  of  the  Firth  of  Forth — on  most  of 
which  there  are  still  traces  of  ancient  ecclesiastical  edifices.  I 
know  also,  that  he  had  begun  to  write  an  account  of  the  Roman 
Wall,  extending  between  the  Firths  of  Forth  and  Clyde,  as  he  once 
spoke  to  me  on  the  subject,  wishing  to  know  my  opinion  of  Mr 
Geikie's  theory,  that  this  district  of  Scotland  had  risen  twenty 
or  thirty  feet  out  of  the  aea,  since  the  wall  was  erected.  It  is  to 
be  hoped  that  if  his  MSS.  on  these  subjects  are  found,  they  will 
be  put  into  a  proper  form  for  publication. 

Animal  Xagnetism,  Jtfnnterum,  and  Biology,  were  subjects, 
which  at  au  early  period,  he  studied ;  and  for  a  time  he  was  much 
impressed  with  the  pheuomena: — so  much  so  indeed,  that  he  used 
to  hold  "seances"  in  his  own  house,  and  show  that  he  himself 
possessed  a  certain  strange  power  over  others.  I  have  heard  of 
his  even  performing  in  the  houses  of  his  friends,  at  evening 
parties,— when  selecting  some  one,  whom  by  a  mere  glance  he 
discovered  to  be  particularly  nerv.ius  or  Bensitive,  he  would  show 
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how  completely  a  strong  will  could  bo  influence  the  miud  of  anotlier, 
u  to  cause  confusioD  of  ideas  almost  amounting  to  imbecility. 

This  meddling  with  meamerism  brought  the  Professor  into  Home 
disrepute  ;  and  he  was  severely  attacked  in  the  Medical  Journals, 
for  his  supposed  oredality.  At  first,  be  took  no  notice  of  these 
atts^kg ;  but  in  consequence  of  the  solicitation  of  his  friends  be 
in  September  1S51,  published  a  letter  in  the  "  Lancet "  explaining 
the  object  of  hie  miscalled  "  mesmerio  aoii«e8."     In  that  letter  he 

"  Daring  tho  last  ten  or  fifteen  yean,  I  have  repeatedly  seen  ezperlmenta, 
and  also  made  tham  myBelf.  In  the  courae  of  them  1  haTa  witneaied  very 
intereeting  plijuological  and  pejchological  results,  each  ai  tba  production  of 
deep  sleep,  flitnre  and  rigidity  of  muacles,  Jic,  Bat  I  have  no  belief  what- 
ever, that  these  phenomena  are  the  effeeta  of  any  power,  force,  or  agency 
such  as  is  understood  by  the  term  '  animal  magnttism,' — passing  from  the  so- 
called  '  m  eBmaiiser  '  to  the  eo-coltod  '  mesmeriBed.'  Tbey  are  merely  the 
e&eots  produced  by  the  mind  of  tbe  '  mesmerised  '  upon  his  or  hst  own  hco- 
nomj  ; — aelf-mental  nets  so  to  speak.  These  may  no  duubt  be  produced  by 
thfi  influenoa  of  the  will  of  one  individnal  acting  on  another.  But  they 
are  no  proof  of  any  magnetic,  mesmeric,  or  nther  supposed  agency.  In  proof 
of  my  utter  disbelief  in  clmnoj/ioKe,  1  may  state  that  having  sometime  ago 
been  present  at  a  lecture  on  the  subject,  I  oSored  to  plKe  L.IDO  in  tba 
hands  of  the  President  vf  tha  Medico-Chimrgioal  Society  wbich  he  wis  to 
give  to  the  lecturer,  if  the  latl^  w.ould  bring  any  clairvoyant,  who  could  read 
a  line  of  Shakespeare,  or  two  or  three  words  oat  of  a  dictionary,  which  he 
(Professor  Simpaon)  would  shut  np  in  n  box." 

Professor  Simpsoii  hod  no  patience  for  the  quackery  and  credulity 
of  spirit  tapping ;  and  as  Faraday  condescended  to  expose  "  table 
turning"  by  a  written  opinion  which  he  sent  to  tbe  "Times" 
newspaper,  bo  in  like  manner  rrofessDr  SimpBon  took  occaBiOD,  in 
the  course  of  his  address  to  the  Society  of  Antii^naries,  to  remark — 

"  In  our  own  days  many  aano  peisons  profesi  to  belisTa  in  the  possibilitj  of 
snmmoDing  the  spirits  of  tba  departed  from  the  other  world  back  to  this  anb- 
lunarj  sphere.  When  they  do  so  they  have  always  hitherto,  as  far  as  I  have 
heard,  encouraged  these  spirits  to  perform  sucb  silly,  juggling  tricks,  or  re- 
qnwted  them  to  answer  such  trivial  and  frJToloos  questions  as  wonld.  to  my 
humble  apprebenaion,  seem  to  be  almogt  itisnlting  to  tba  grim  dignity  and 
solemn  character  of  any  respectable  ghost.  If,  like  Hr  Home,  I  had  tha 
power  to  call  spirits  from  the  vasty  deep,  and  if  the  spirits  answered  tbe  call, 
I,  being  a  practical  man,  would  fain  make  a  practical  nse  of  their  prewnoe. 
Methinks,  I  tfaould  next  ask  them  hosta  of  queations  regarding  tbe  stala 
of  society,  religion,  tbe  arts,  &c.,  at  tbe  time  when  tbey  thenuelves  vara 
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living  denizens  of  Ihie  enith.  Suppose  that  our  Seerelariei,  in  summon- 
ing the  next  meeting  of  tliis  Socit^ty,  liad  the  poner  of  announcing  in 
tlieir  billela  that  a  very  select  deputatiou  of  ancient  Britons  and  Csledonians, 
PicU,  Celts,  Scots,  and  perhaps  of  Scottish  Jurnnians,  were  to  be  present  in 
onr  MuBsam  for  a  short  sedernut  between  midnight  and  cocfe-c rowing  to  an- 
swer any  qneatioDg  which  the  Felluws  might  choose  tu  ply  them  wilh,  what 
an  excitement  voeid  such  an  announcement  create  I  What  a  battery  of  quick 
queations  would  be  levelled  at  the  membera  of  this  deputation  on  all  the  end- 
lesa  problems  of  Scotch  aicbcology." 

About  the  same  time  Professor  Simpson  took  part  in  the 
discussions  which  agitated  ibe  medical  world  on  the  subject  of 
nomaopathy.  At  a  meeting  of  the  EdiuLurgh  Medico-Chirurgical 
Society,  the  followiog  motion  was  made  by  Professor  Syme,  and 
seconded  by  Professor  Simpson  : — "  That  the  public  profession  of 
jHomceopatliy  sball  be  held  to  disijualify  for  being  admitted,  or  re- 
maining a  member  of  the  Society."  Professor  Simpson  bujj- 
ported  this  motion  by  a  very  able  address,  which  be  afterwards 
expanded  into  a  book.  Thie,  as  welt  as  tlie  reply  to  it  by  Pro- 
fessor Henderson,  shows  an  immense  estent  of  reading  and  in- 
formation. 

Anotlier  subject  which  deeply  engaged  Professor  Simpson's 
attention  was  the  so-called  Bathgate  coal,  and  elso  the  »halei  of 
the  Scotch  coal  fields,  on  account  of  the  petroleum  which  they 
yielded  by  proper  treatment.  I  have  seen  the  outer  lobby  of  his 
house  in  Queen  Street  greatly  obstructed  with  huge  specimens 
of  the  various  kinds,  and  oocasioually  he  spoke  to  me  regarding 
them  ;  not  so  much  in  their  geological  reUticus  as  in  their 
mercantile  value  and  uses.  It  is  matter  of  notoriety  that  Pro- 
fessor Simpson  joined  one  or  more  of  the  companies  which 
were  formed  for  the  purpose  of  extracting  oil  from  these  beda, 
and  it  is  understood  that  he  suffered  considerable  losses  in  con- 
sequence. 

The  number  and  variety  of  topica  which  thus  engaged  Simpson's 
attention — professional,  scientific,  literary,  and  speculative — im- 
plied an  activity  of  mind,  a  grasp  of  intellect,  and  a  strength 
of  constitution  truly  marvellous.  His  inquisitivenefs  on  almost 
all  subjects  was  incessant.  "Anything  new  turned  up  in  Ber- 
wickshire?" was  the  first  question  which  he  generally  put  to  me 
when  on  coming  to  Edinburgh  I  happened  to  meet  him, — hoping 
probably  to  hear  of  more  Picts'  houses  discovered,  or  more  relics 
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fouad  at  the  old  Broch  on  Cockburn  Law.  Hie  greateitt  delight 
and  recreation  wu  to  explore  ancient  rnine,  cavee,  and  encamp- 
ments ;  to  decipher  inHcriptiona  or  eculptures  on  standing  stones  or 
rocks;  and  to  explore  ths  rubbish  of  antiquated  chronicles  or  musty 
parchments.  Legends,  superstitions,  and  eharm  stooea  were  not 
beneath  his  notice,  and  were  carefully  studied,  in  the  hope  of 
extracting  from  them  some  gleam  of  historical  truth.  As  a  ray 
of  sunlight  enters  a  prism  colourless  and  comes  out  radiant  with 
beauty,— so  these  old  inscriptions,  sculpturings,  and  legends,  after 
passing  through  Simpson's  scrutiny,  often  appeared  in  a  new  light, 
and  gave  out  a  meaning  not  before  suspected,* 

His  memory  wsb  enrprising.  Notwithstanding  the  legions  of 
books  which  be  read, — notwithstanding  the  numbers  of  places  be 
visited,  and  the  multitudes  of  facts  which  ho  gathered  up  at  these 
visits, — he  made  no  notes,  and  kept  no  diary,  as  most  persons  have 
to  do.  Any  information  obtained,  whether  from  his  own  obser- 
vation  or  from  other  persons ;  or  any  new  views  expressed  on  sub- 
jects which  interested  him,  he  setdom  forgot ;  and  could  at  once 
reproduce  or  refer  to,  when  necessary. 

Professor  Simpson,  engaged  as  he  was  iu  the  teaching  of  youth, 
end  attentive  to  subjects  of  public  interest,  could  scarcely  avoid 
taking  some  part  in  the  educational  discupsions  which  have  occurred  . 
during  the  last  ten  or  twelve  years  in  Scotland.  The  points  he 
chiefly  urged  for  improving  public  instruction  were  peculiar,  and 
gave  surprise  to  many  of  his  friends.  As  President  of  the  Oranton 
Literary  Association,  he,  in  November  1667,  delivered  an  address 
or  lecture,  which  was  published,  "  on  the  necessity  of  some  change 
in  the  mode  and  object  of  education  in  schools,  *n  reference  to 
modem  and  ancient  langnagn."  In  this  lecture  the  following  pithy 
sentences  occur  : — 

"  Should  thef  teach  the  modtm  langnagsB,  that  are  throbbing  with  life  and 
activit;  ?  oi  iboDld  thej  teach  ths  old  laDgQagM  of  Oieecs  and  Borne  apokea 
2000  yean  ago  ? 

"  Was  it  right  that  one-MTenth  of  a  man'a  life  aliould  be  spent  in  the 
acquisition  of  these  dead  langnagei  ?    For  the  clerical  profession,  he  admitted 

*  A*  example*,  see  Simpson's  paper  on  "  Th*  Cat-ilene ;  hit  not  tkt  ToM- 
tlone  of  tht  Orandfather  of  ffengiil  and  Hor*a  f "  AIm  la  hit  paper  "  On 
AneiaU  Seulptaringi  of  Cupi  artd  CoaettUrie  Rinjf*  in  SeolUmd." 
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this  nrHB  B,  naceasarjr  slnJj.     But  it  Taa  no  longer  neceuary  for  the  mills  of 
the  people. 

"  It  was  said  that  Latio  nnd  GreeV  were  tliehpsUminini;.  This  be  thought 
B  threat  error ;  for  the  faculty  called  iiit«  eiercise  was  chieSf  memory.  The 
power  of  obaerv»tioD  required  id  science  and  art  waa  called  little  into  piny, 
and  the  totmoa'mg  powet  of  the  mind  becaipe  ttunted  and  deformed ;— to  nich 
a  degree,  indeed,  that  the  students  were  ignorant  eten  of  their  own  ignor- 

Iii  like  tnanner,  in  hia  aildreea  to  the  Society  of  AntiquarieB,  he 
took  the  opiiortnnity  of  undervaluing  claeDkal  eilucation,  by  eui  li 
declaTatioiis  as  tlieee  : — 

"  Arehieology  hag  gained  for  ne  a  clearer  and  nearer  insight  into  every-daf 
Roman  life  and  habits,  than  all  that  clatiic  lilerattm  supplies.  Archsology, 
bj  its  study  of  the  old  works  of  art  belon(;iQg  to  Greece,  lisa  shown  that  a 
livelier  and  more  familiar  knowledge  of  that  clnssic  land  is  to  be  derived 
flrom  the  contvrnplation  of  its  remaining  stntnes,  aculptnies,  gems,  models, 
and  coins,  than  by  any  amount  of  school -grinding  at  Oteak  words  and  Qreek 
qnantities." 

It  is  the  more  sarprieiiig  that  BUch  vrewe  as  these  shonlii  have 
been  put  forth,  cooeidering  tire  frequent  and  good  nse  to  which 
ProfesBor  Simpson  put  hie  otrn  classical  informatioD.  la  liis  papers 
on  "  Soman  Mcdital  Stamp*,"  add  "  Wat  the  Boman  Army  pro- 
vided with  Medical  Officersf"  lie  was  able  to  give  information,  unt 
only  ioterestiag,  but  instructive  and  useful,  both  papers  displaying 
an  esteDsive  and  intimute  acquaintance  with  Greek  and  Bomun 
authors.  Id  his  work  on  Aneeathetics,  he  devotes  two  chapters  to 
obviate  the  theological  objectiMis  taken  lo  their  employment  to 
Icsaen  the  pains  of  cbtld-l>eariDg,  and  in  these  chapters  discusses 
the  true  meaning  of  the  Hebrew  text  of  certaio  scripturul  passages. 

I  have  hitherto  irpoken  of  Simpson  chiefly  as  regards  hiB 
professioDal  knowledge  and  his  varied  scientiflc  mod  intellectual 
attaiDmeritx,  But  it  would  be  wrong  in  me  to  pass  over  unnoticed 
other  fealures  of  hiB  life  and  character  quite  as  remarkable.  He 
was  a  man  of  etnmg  emotions.  It  of  course  depended  on  the  ex- 
citing cause,  how  these  influenced  him.  When  attacked  pro- 
fessionally or  otherwise  ; — or  when,  after  be  bud  set  his  heart  and 
band  to  the  arLtatnment  of  some  object,  he  found  himself  opposed, 
he  was  like  a  war-horse  in  a  battle-field.  His  impetuosity  Bome- 
times  carried  him  too  far,  brought  him  upon  dangerous  ground, 
and  caused  him  to  resort  to  meauB  for  accomplishing  his  ends 
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wliich  he  bimself  arterwarda  regretleil.  He  bit  his  oppoDenta 
xeverelj,  aod  I  think  even  in  tbie  room  expreEBiODB  dropped  from 
him  which,  in  a  scientific  discuasion,  were  oat  of  place.  But  he 
was  not  of  an  unforgiviDg  temper.  I  mjrself  know,  that  he  could 
offer  the  hand  of  recoucitement,  after  a  contest  wae  over.  I  saw 
the  other  day  in  a  medical  newspaper*  a  ttatement  that  not  long 
before  his  death,  he  aent  letters  to  some  of  his  professional  brethren 
whom  he  thought  he  might  have  hurt  in  the  heat  of  controTersy, 
expreseing  regret  and  asking  forgivenees.  Being  curious  to  know 
whether  thia  was  really  the  caae,  I  applied  to  one  of  the  medical 
gentlemen  who  attended  him  during  his  last  illnesa,  and  he  in- 
formed me  that  he  did  not  know  of  any  htlen  to  that  effect ;  but 
be  knew  of  a  menage  having  been  sent  to  one  proressional  gentle- 
man, then  also  unwell,  with  whom  there  hod  been  bitter  contro- 
versy and  long  estrangement, — and  the  result  waa  complete  recon- 
cilialion. 

I  have  already  alluded  to  the  multitudes  of  patients  who  every 
day  thronged  hie  bouse.  The  poor  always  could  rely  on  getting 
advice  from  him  gratuitously.  But  he  was  never  very  exacting 
from  any  class  ;  and  when  persons  In  a  better  rank  of  life,  who  had 
come  for  advice,  were  discovered  by  him  to  be  in  greatly  embar- 
rassed circumstances,  he  ia  known  to  have  generoualy  helped 
them. 

Two  examples  of  this  generosity  may  be  mentioaed.  A  lady 
whom  he  had  attended  was  recommended  by  him,  for  the  cnre  of 
her  ailment,  to  go  to  a  certain  watering-place.  Tendering  to  him 
such  a  fee  as  she  was  able  to  give,  and  for  the  smallness  of  which 
she  apologised,  the  lady  mentioned  that  the  expense  of  going 
there  would  put  it  beyond  her  power.  Simpson  said  nothing  at  the 
time,  but  afierwards  in  the  most  delicate  way  returned  the  fee,  and 
enclosed  £20  to  enable  her  to  obtain  the  means  of  cure  which  he 
had  recommended.  The  other  case  was  the  wife  of  a  New  York 
merchant  who  had  come  to  Scotland  to  be  under  his  care.  Whilst 
here,  hei  husband  died,  and  in  bankrupt  circumslancea.  Shortly 
after  this,  intelligence  reached  her  that  her  only  son,  whom  she  bad 
left  at  New  York,  was  ill  with  a  dangerous  fever.  She  resolved  at 
once  to  return  borne,  though  she  was  to  have  remained  longer 
•  Medical  Times  and  Oaiette,  14th  Ma;  1870. 
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iiDder  the  Professor'e  core.  She  was  obliged  to  explain  to  him  the 
caQBs  of  her  abiiipt  departure,  and  to  ask  him  to  wait  for  payment 
of  his  Borvicefl  till  she  relumed  home.  He  not  only  iDtimated 
to  her  that  be  wonld  ac*ce|jt  no  fee,  but  gave  her  in  a  present 
enough  to  pay  bet  passage  to  New  York. 

Hie  kindneea  was  not  confined  to  his  patients.  From  persons 
who  were  entire  strangers  to  him,  and  who  were  merely  passing 
through  Edinburgh,  hospitality  was  never  withheld.  His  breakfast 
and  luncheon  table  was  often  crowded  by  foreigners,  who,  knuiring 
the  Professor  no  otherwise  than  by  hie  world-wide  reputation,  and 
being  told  that  he  was  esliemely  accessible,  used  to  send  id  their 
cards,  and  received  from  him  a  cordial  welcome. 

ProfesGor  Simpson,  in  the  spirit  of  true  philanthropy,  took  much 
interest  in  the  welfare  of  that  wretched  part  of  the  population  of 
Edinburgh  occupying  cellars,  and  frequenting  haunts  of  vice  in 
the  Old  Town.  Uany  a  time  did  he  visit  them  at  night,  after  his 
day  duties  were  over.  Moreover,  he  tried  to  interest  others  in 
their  behalf,  forming  for  that  purpose,  at  his  own  house,  parties  of 
gentlemen  and  even  ladies  to  accompany  him.  But  the  practice 
gave  offence,  and  was  discontinued. 

Professor  Simpson  was  imbued  with  strong  religious  feelings. 
Most  persons  here  will  probably  rememlier  how,  in  narrating  the 
conversation  which  he  bad  with  Sir  David  Brewster  on  hie  death- 
bed, he  was  evidently  pleased  to  be  able  to  testify  to  the  Christian 
faith  of  the  dying  philosopher.  Simpson  both  liTed  and  died  a 
Christian ;  not  only  holding  fast  bis  trust  in  the  Saviour,  but  desir- 
ing to  impart  the  same  comfort  to  others.  His  name  may  there- 
fore well  be  added  to  those  of  Faraday  and  Brewster,  who  in  our 
own  day  have  shown  that  the  highest  attainments  in  philosophy 
and  science,  are  not  incompatible  with  strong  roligious  feeling  and 
the  sincere  faith  of  a  Christian. 

Professor  Simpson  was  so  remarkable  in  his  outward  appearance 
and  expression,  that  any  one,  even  happening  to  meet  him  in  the 
street,  could  not  fail  to  take  special  notice  of  him.  Though  short 
in  stature,  be  had  large  features,  and  a  shaggy  head  of  unkempt 
hair.  His  eye  was  piercing,  and  his  lipe  expressive.  The  energy 
of  his  physical  constitution  was  wonderful,  and  he  taxed  it  severely. 
Thus,  after  going  to  Oxford,  to  receive  a  University  distinction, 
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he  started  Dext  motnitig  with  two  fiieods  foT  DeTizes,  fTom 
whence  he  went  od  to  Avebary  to  see  "■  the  i<tandiDg  stones,"  not 
getting  back  till  tnidnight.  On  the  following  morning  at  five 
o'clock,  he  stazted  for  StoneheDge,  and  the  same  aftemooo  west 
to  Bath  to  visit  the  Boman  reraains  in  that  neighbonrhood.  On 
getting  baek  at  midnight,  he  found  » telegram  summoning  hits  to 
a  patient  in  NorthnmberUod.  He  lay  down  for  a  few  bonis  to 
sleep,  and  then  went  by  the  4  a.m.  train  to  London,  and  cangbt  the 
Scotch  "  EipresB,"  which  took  him  to  Northumberland,  from 
which  place  be  went  on  to  Edinborgh  to  resume  his  nsual  pro- 
fesnonal  work. 

What  constitution  could  stand  such  incessant  wear  and  teart 
A  severe  attack  of  rlieumatism  fi^owed  the  fatigoing  jonmeys 
I  have  been  describing,  and  this  complaint  continued  frequently 
to  tortnre  him  during  the  laet  two  years  of  his  life.  Eventnally 
the  action  of  the  heart  became  impaired,  and  angina  peetoria  super- 
vened,— causing  occasionally  intense  agony. 

The  fatigue  and  cold  endured  last  February,  in  journeys  made 
to  London  on  the  occasion  of  Lady  Mordannt's  trial,  brongfat 
on  the  illness  which  proved  fatal.  For  two  months  be  was  con- 
fined to  the  bouse,  and  chiefly  to  bed,  though  even  then  be  was 
able  to  write  a  letter  on  the  subject  of  chloroform  fot  pnhlication 
in  an  American  Medical  Journal,  the  object  of  which  was  to 
refute  some  one  who,  in  the  previous  number,  had  been  endeavoiH'- 
iiig  to  dispute  that  he  was  the  first  to  apply  chloroform  to  bjubb- 
thetic  purposes. 

My  sketch  of  Simpson's  life,  imperfect  as  it  is,  would  he  still 
more  so,  were  I  to  omit  notice  of  the  distinctions  which  were 
showered  upon  him  from  almost  every  quarter  of  the  globe.  I 
cannot  recount  alt  the  Academies,  Universities,  and  Societies  which 
bestowed  their  honours  upon  him.  There  was  not  one  nation  is 
Europe  from  which  these  honours  did  not  come,  and  America  joined 
in  the  general  acclaim.  Simpson  was  created  a  baronet  of  the 
United  Kingdom.  He  received  the  knighthood  oi  the  Swedish 
Royal  Order  of  St  Olaf.  He  was  made  a  laureate  of  the  Imperial 
Institute  of  Fruice ;  and  the  French  Academy  of  Science  bestowed 
on  him  what  is  called  the  "  Monthyon  Prize  "  of  2000  francs,  given 
for  any  great  discovery  beneficial  to  humanity. 
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Gratifying  to  Simpson  ae  these  hbuours  and  diBtioutioDB  do 
doubt  ven,  there  was  ooe  fact  whicli  atust  bare  been  even  more 
giatifyiDg,  and  that  was  the  introduclioD  of  chtorofunn,  for  medical 
purposes,  in  «ver7  civilized  country,  coupled  with  the  almost  uni- 
versal acknowledgment  that  he  bad  btren  the  firet  to  suggest  and 
employ  it  for  the  relief  of  human  sufTering.  He  must  also  have  felt 
that  the  world  generally  accorded  to  him  the  highest  eiDinenoe  in 
Itifl  pnifession,  inasmucb  as  patients  hod  come  to  him  from  every 
quarter  of  the  globe,  and  as  bis  works  had  been  translated  inio 
every  European  language.  Probably  no  man  ever  lived  who,  at  the 
close  of  life,  had  tbe  satisfaclioD  of  looking  back  on  the  same  amount 
of  work  done  for  the  benefit  of  his  fellow  creatures,  and  of  possess- 
ing so  lai^Iy  their  approbation  and  confidence. 

In  these  circumutances,  it  ie  not  snrprising  that,  at  the  sugges- 
tion of  the  most  eminent  of  the  medical  faculty  in  London,  and 
warmly  seconded  by  men  there  of  bigb  social  position,  a  proposal 
was  made,  soon  after  Simpson's  death  bad  been  announced,  that 
liis  remains  should  be  interred  in  WeBtminster  Abbey, — that  last 
resting-place  of  Britain's  most  illustrious  sons.  But  tbe  proposal 
was  modestly,  and  I  think  pri^rly  declined  by  the  surviving  mem- 
ben  of  hie  family.  Their  decision  was  in  this  respect  in  accord 
with  the  no  ostentatious  character  and  habits  of  the  deceased.  It 
was  right  and  becoming  that  a  man  of  his  domestic  dispositions 
should  not  be  sfpaiated,  even  after  death,  from  the  other  members 
of  his  owD  family,  to  whom  be  was  deeply  attached,  but  that  he 
should  lie  beside  them  in  tbe  spot  which  be  himself  had  selected, 
and  whera  several  had  already  been  buried.  Moreover,  bis  intei- 
msot  at  borne  allowed  of  an  honour  being  conferred  on  him  at  bis 
funeral)  which,  to  my  mind,  was  far  greater  than  entombment  in 
WeetmiDster  Abbey; — for  his  funeral  was  attended  by  all  tbe 
public  bodies  and  corporations  of  Edinburgh,  and  was  thronged  by 
thousands  of  sorrowing  mourners,  who,  even  from  distant  parts  of 
tbe  country,  oame  to  pay  the  last  tribute  of  respect  to  one  who  bad 
been  so  great  a  benefactor  of  tbe  human  race. 

We  have  all  to  lament  that  our  deceased  friend  and  associate 
sbonld  have  been  cnt  off  in  the  meridian  of  bis  fame,  and  whilst 
still  running  a  career  of  usefulness.  But  we  have  reason  to  be 
thankful  that  hia  life,  short  if  reckoned  by  years,  was  long,  if 
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reckoned  by  good  deeds  and  great  services,  not  the  least  of  wbicli 
was  the  example  he  bequeathed  of  a  man  devoted  to  noble  par- 
suits,  characterised  by  incessant  iodustrj,  imbued  with  beuevolent 
dispositions,  animated  by  Christian  faith.  In  the  letter  already 
referred  to,  written  on  his  death-bed,  for  the  Anterican  Journal, 
lie  concluded  it  by  saying,  that  he  regarded  the  friendship  of  his 
medical  brethren  in  America  so  highly,  that  be  would  not  think 
this  last  effort  at  professional  writing,  altogether  useless,  if  it  tended 
to  fix  his  memory  in  their  love  and  esteem.  It  was  to  friends  abroad, 
that  this  appeal  was  made.  To  friends  at  home,  no  such  appeal 
was  required.  He  knew  that  he  bad  accomplished,  what  would  for 
ever  fix  his  memory  in  their  love  and  esteem.  To  that  sentiment, 
sure  I  am  that  his  own  countrymen  and  countrywomen  cordially 
respond ;  and  not  less  sure  am  I  thtt  the  Fellows  of  this  Society 
will  over  remember  with  respect  the  eminent  and  diversified  talents, 
as  well  as  the  signal  services  to  science  and  humanity,  of  their 
distinguished  associate. 

James  Stuk  was  bom  7t]i  November  1799,  and  died  26th  June 
1870.  Up  to  within  a  year  of  his  death,  he  was  Professor  of  Clinical 
Surgery  in  the  University  of  Edinburgh,  which  chair  he  had  held 
for  thirty-six  years.  His  father  had  originally  followed  the  pro- 
fession of  a  Writer  to  the  Signet,  but  bad  retired  at  an  early  period 
with  his  family  to  the  estate  of  Oartmore  and  Lochore  in  Fife. 
It  is  understood  that,  in  consequence  of  there  being  do  public 
school  in  the  country  which  he  could  conveniently  attend,  Mr  Syme 
obtained  a  tutor  for  his  son  whilst  resident  in  Fife,  so  that  he  hod 
in  his  early  days  no  opportunity  of  associating  with  other  boys, — 
a  circumstance  which  may  perhaps  account- for  his  shy  and  re- 
served manner  in  after  life.  Whilst  a  boy,  it  is  said  that  he  indi- 
cated a  taste  for  anatomy,  by  frequently  resorting  to  a  butcher's 
shop,  where  lie  watched  with  interest  the  cutting  up  of  sheep 
and  oxen.  His  father  at  length  seeing  the  necessity  of  giving 
to  his  son  a  better  education  and  training  than  he  was  receiving 
in  the  country,  sent  him  to  Edinburgh  to  attend  the  High  School* 
Afterwards,  at  the  age  of  sixteen,  he  passed  to  the  College,  and 
became  much  interested  in  chemistry.  When  he  returned  during 
the  holidays  to  Fife,  he  generally  brought  with  him  a  enpply  of 
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apiiKTBtuB — puicbaeed  with  liie  owd  pocket-money — to  enable  bim 
to  carry  on  chemical  esperiments  for  bis  amuBcment. 

3o  early  as  tbe  year  1818  be  had  discovered  a  Bolvent  for 
caoutchouc  iu  the  naphtha  obtained  by  distiilation  from  coaMar, 
and  in  March  of  tliat  year  addreesed  a  letter  deecribing  his  discovery 
to  Dr  Thomson^  then  editor  of  the  "  Anuale  of  Phiiodophy,"  which 
appeared  in  that  publication  in  August  following.  Mr  Syme  in  this 
letter  states  that  "  he  had,  by  means  of  the  diicovery,  waterproofed 
a  eilk  cloak,  so  that  it  aEforded  complete  protection  from  the  beavieat 
rain,  and  could  be  employed  as  a  pitcher  by  turning  up  its  skirt." 
Ue  adds  that  be  had  "  constructed  flexible  tubea  of  tbe  same  suh- 
Btance,"  It  appears  that  he  had  worked  at  this  subject  for  two 
years  before  the  discovery.  The  discovery  was  tleemtd  so  important, 
that  Dr  Thomson  and  some  of  his  friends  recommended  young 
Syme  to  take  out  a  patent,  assuring  bim  that  it  would  moke  bis 
fortune.  But  by  this  time  he  hod  determined  on  following  tlie 
medical  profeeeioo,  which  be  thought  more  respectable  than  that  of 
a  mannracturer.  He  therefore  contented  himself  with  publishing 
bis  discovery,  and  receiving  general  commendation  for  his  disin- 
terestedness. Kot  long  afterwards  tbe  discovery  was  turned  to 
good  account,  as  we'  all  know,  by  Mr  Macintosh  of  Glasgow,  who 
made  a  large  fortune  by  means  of  it,  and  who  gave  his  name  to  the 
cloth,  though  in  reality  invented  by  Syme. 

Syme  became  a  pupil  of  Dt  Barclay  in  order  to  study  anatomy ; 
and  in  1818  he  went  into  Listen's  dissecting-rooms,  an  his  assistant. 
He  was  a  distant  cousin  of  Liston's. 

In  1820  be  obtained  the  appointment  of  Medical  Superintendent 
of  the  Fever  Hospital, — an  appointment  entailing  much  personal 
risk,  as  Mr  Syme  soon  discovered ;  for  he  caught  the  infection, 
and  nearly  died. 

In  1821  he  became  one  of  the  dresaers  in  the  Edinburgh  Boyal 
Infirmnry.  As  such,  it  was  his  duty  to  carry-out  the  inslructions 
of  the  acting  surgeon.  In  this  position  be  showed  the  posBeesion  of 
considerable  courage  and  self-reliance,  by  disobeying  some  instruc- 
tjons  which  hia  judgment  condemned.  The  system  of  blood- 
letting was  then  in  full  operation,  and  every  evening  at  a  certain 
hour,  the  dressers  had  to  bleed  tbe  patients  whose  names  were 
entered  in  a  book,  and  take  from  each  the  number  of  ounces  of 
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blood  there  specified.  On  one  occasion  Syme  had  to  take  from  a 
patieut  in  one  of  hie  irards  so  much  as  63  ouaces,  to  be  followed 
nest  day  by  other  35  ounces.  Another  patient  was  a  boy,  one  of 
whose  legs  had  a  compound  fracture,  which  gave  rise  to  profuse 
suppuration.  About  three  weekeafterthe  injury,  the  boy's b tree gth 
being  much  exbausted,  Syme  took  it  upon  him  to  order  porter  and 
a  beef-steak.  Next  day  the  acting  surgeon,  then  one  of  the  most 
largely  employed  medical  men  in  Edinburgh,  expressed  disapproval 
of  this  regime,  as  he  said  it  would  feed  the  disease,  and  directed 
Syme  to  take  14  ounces  of  blood  from  the  boy's  arm,  Syme  obeyed 
with  reluctance,  and  not  without  remonstrating.  Before  the  end 
of  forty-ei;;lit  hours,  the  boy  waa  dead. 

In  1821  Syme  was  elected  a  member  of  the  Royal  College  of 
Surgeons  of  London,  and  in  1B23  a  Fellow  of  the  Edinburgh 
College  of  Surgeons.  About  the  same  time  he  went  abroad  to 
Germany  and  France,  visiting  different  hospitals,  and  forming 
useful  acquaintances.  He  also  entered  into  a  sort  of  partnership 
with  Mr  Listen,  and  occasionally  took  Liston's  place  iu  the  lecture- 
room.  Tliis  purtiierdhip,  however,  did  not  continue  long.  Aquarrel 
occurred,  which  caused  an  estrangement  of  many  years'  duration. 

But  Syme,  notwithstanding  that  he  thereby  lusl  an  advantageous 
position,  waa  not  discouraged.  He  entered  into  another  partner- 
nhip  with  Dr  Macintosh  (who  (hen  lectured  on  midwifery  and 
the  practice  of  medicine),  for  the  purpose  of  establishiug  a  new 
medical  school,  with  au  anatomical  theatre,  dissecting- rooms,  and 
museums, — he  himself  intending  to  lecture  on  anatomy  and  sur- 
gery. The  very  boldness  of  the  undertaking  arrested  public 
attention.  The  scho'il,  however,  failed;  hut  Syme  himself,  fortu- 
nately by  zeal,  talent,  and  complete  knowledge  of  his  subject, 
coupled  with  an  indication  of  views  which  were  innovations  on 
established  practice,  soon  attracted  a  large  number  of  students. 
His  chief  dilEculty  arose  from  Ihe  scarcity  of  subjects  for  dissec- 
tion, except  by  dealing  with  the  "  Eesurrection-men,"  as  they  were 
profanely  called, — a  course  which  Syme  detested.  In  order  to 
pursue  his  anatomical  researches,  he  took  advantage  of  the  holidays 
to  go  over  to  Dublin.  When  there,  he  made  acquaintance  with 
several  eminent  surgeons,  and  was  so  delighted  with  their  modes 
of  operation — which  he  thought  superior  to  those  of  Edinburgh — 
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tijat  be  resolved  to  abandcD  aoatomy,  and  confine  his  teachiDj^B  to 
surgery. 

In  1829  he  hod  as  many  as  250  pupils  altending  his  surgical 
lectures,  aenccess  the  more  remarkaMe,  considering  that  Liston, 
Lizars,  and  Turner,  were  rival  lecturers.  This  well-attended  class 
be  kept  up  for  several  years. 

Syme  had  been  most  anxious  to  get  on  the  surgical  staff  of  the 
Royal  Infirmary,  fiut  Liston  was  one  of  the  surgeons ;  und  the 
managera  knowing  the  animosity  which  existed  between  him  and 
Mr  Syme,  felt  that  by  admitting  both  into  their  institution,  there 
would  be  every  probability  of  dispeace.  They  refused  Syme's  ap- 
plication. He  therefore  resolved  to  set  up  a  rival  institution,  anil 
took  Mtnto  House,  with  15  rooms  in  it.  These  he  converted  into 
wards.  He  also  formed  an  out-patient  department.  This  was  a 
still  bolder  exploit  than  any  before  ventured  on,  but  it  was  re- 
warded with  complete  success.  On  the  very  first  day  that  tbe 
new  hospital  was  opened  several  patients  sought  admission,  and  in 
the  next  two  days  as  many  as  ten  young  medical  men  applied  for 
tbe  house  surgeoncy,  though  £100  was  required  as  a  fee.  The 
report  for  the  6rst  year  tells  of  265  in-door  cases,  1900  out-door 
cases,  and  95  operationB.  For  four  years  this  new  institution  was 
carried  on,  with  unvarying  success,  vieing  with  the  oM  established 
Royal  Infirmary  in  the  number  and  importance  of  its  operations, 
and  presenting  a  striking  proof  of  what  could  be  done  by  one 
young  man,  not  only  unsupported  by  local  influence,  but  overcom- 
ing local  and  social  influence  arrayed  against  him,  by  dint  of 
indomilable  zeal,  natural  talents,  and  great  professional  knowledge. 

Syme's  seminary  for  instruction  in  Clinical  Surgery,  was  re- 
cognised by  the  College  of  Surgeons  in  London,  as  qualified  to  give 
instruction  for  medical  students.  The  Kilinhtirgb  College  of  Sur- 
geons refused  to  recognise  the  new  hospital,  but  agreed  to  recognise 
a  course  of  lectures  on  Clinical  Surgery,  if  Syme  chose  to  give 
them,  on  the  condition,  however,  that  the  pupils  attending  these 
lectures  did  not  exceed  40  in  number,  and  that  they  paid  the  same 
liees  as  were  received  by  Mr  Russell,  the  Professor  of  Clinical  Sur- 
gery in  the  University.  To  these  terms  Syme  acceded;  and  by 
bis  admirable  lectures  soon  laid  the  foundation  of  subsequent 
brilliant  reputation  as  a  clinical  teacher. 
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It  was  during  this  period,  when  he  was  an  extra-academical 
lecturer,  that  he  publiaheil  two  books,  one  "  A  Treatise  on  Excision 
of  Diseased  Joints;"  the  other  "The  Principles  of  Surgery." 
These  books,  which  embraced  numerous  cases  of  aucoessfol  oj^ra- 
tioDs  by  the  author, — many  of  them  indicating  new  and  improTed 
practices,  extended  Syme's  fame  over  Europe,  and  paved  the  way 
for  another  distinction.  This  was  bis  appointment  to  the  Chair  of 
Clinical  Surgery  in  tbe  University  i)f  Edinburgh,  which  Hr  BubmII 
(dow  in  his  83d  year)  resigned.  It  was  obtained  in  spite  of  the 
oppiosition  of  his  former  master  and  jealous  rival,  Ijiston,  who 
wished  it  for  himself,  but  would  nut  accede  to  the  conditions  re- 
quired by  the  Patron,  the  Crown,  that  Mr  Russell  should  have  from 
his  successor  £30U  a  year  of  retiring  pension.  Mr  Listen  hkd,  np 
t)  tiiis  time,  succeeded  in  shutting  Syme  out  from  access  to  tbe 
InHrmary.  That  exclusion,  however,  tlie  managers  saw  could 
scarcely  be  continued  after  Syme  had  become  Clinical  Profeseor 
in  the  University.  It  was  a  fortunate  event  for  both  parties  that, 
about  this  time,  an  invitation  came  lo  Liston  to  remove  to  London 
to  become  Professor  of  Clinical  Surgery  in  University  College,  an 
invitation  which  be  gladly  accepted.  Shortly  after  this  event 
Liston  wrote  to  Syme  expressing  a  wish  lo  be  reconciled— «  wisb 
to  which  the  latter  readily  acceded. 

Listen  died  in  1847,  and  Syme  was  then  invited  to  soeceed  him 
as  Clinical  Professor  in  University  College,  London.  Syme  felt 
flattered  ty  the  proposal,  ajid  was  pleased  at  tbe  prospect  of  going 
to  a  capital  where  private  practice  would  be  far  greater  and  more 
remunerative.  He  was,  however,  exchanging  a  certainty  for  an 
uncertainty.  He  had  L.700  a-year  from  hia  class  in  Edinburgh, 
and  full  employment  as  consulting  surgeon,  whereas  alt  that  waa 
offered  to  be  ensured  to  him  in  London  was  a  fixed  salary  of  L.15U 
independently  of  class  fees.  Nevertheless  he  resolved  on  throwing 
up  his  position  in  Edinbur!-li,  where  he  commanded  both  respect 
and  emoluments,  and  in  February  1848  repaired  to  London.  He 
soon  found  that  he  had  taken  a  wrong  step.  His  class  was  less 
numerous,  and  though  hie  practice  might  eventually  become  great, 
be  ffit  that  it  would  he  long  before  that  pecuniary  advantage  was 
arrived  at,  and  perhaps  still  longer  before  he  oould  attain  the  social 
pr>sition  which  he  held  in  Edinbui^h.    His  manner  was  also  rather 
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reserved  for  acceptanoe  in  L'titdon  society.  Heoce,  though  he  naa 
mftfcing  npid  progress  ia  sutgical  practice,  he  soon  began  to  wieb 
he  had  never  left  Scotland.  It  was  when  in  this  mood  that  he 
received  a  request  from  the  council  of  the  London  University  to 
deliver  lectures  on  systematic  as  veil  as  on  clinical  surgery. 
Tiiereupon  he  at  oBce  sent  iu  his  resignation.  Id  fact,  before 
leaving  Edinburgh  he  hod  stipulated  that  he  should  be  exempted 
from  thin  additional  duty.  The  month  of  July  1848  found  him 
back  again  in  Edinburgh,  after  only  a  four  months'  stay  in  London, 
during  which  time,  however,  he  had  succeeded  in  acquiring  the 
entire  confidence  and  esteem  of  the  medical  students ;  insomuch 
that,  when  ihey  heard  of  bis  intention  to  leave  them,  a  committee 
of  their  number  waited  upon  him,  beseeching  him  to  remain,  aud 
saying  that  an  ahlrees  was  about  to  be  presented,  signed  by  every 
individual  student.  But  he  declined  the  entreaty,  flattering  tJiough 
it  was.  He  felt  be  bad  made  a  mistake  when  he  left  Edinburgh, 
and  he  was  resulved  to  correct  it  before  it  was  too  late.  Fortu- 
nately for  Syme,  tlie  Chair  of  Clinical  Surgery  in  the  Edinburgh 
University,  vacated  by  his  going  to  London,  had  not  been  filled  up. 
He  was  again  appointed  to  it,  and  hie  return  to  tlie  scene  of  bis 
former  success  was  greeted  by  general  acclamation  alike  from 
students  and  old  friends. 

In  subsequent  years  Professor  Syme,  besides  teaching  his  class 
and  attending  the  Infirmary,  took  part  in  the  proceedings  of 
various  medical  and  scientific  societies.  He  became  President  of 
the  Edinburgh  Hedico-Ohirurgical  Society  in  1846.  He  had  pre- 
vionaly  become  a  Fellow  of  our  own  Society,  and  communicated 
to  it  a  very  important  discovery,  that  the  formation  of  bone  ia  due 
to  the  PrrioBieum — a  discovery  which  was  the  subject  of  a  paper 
published  in  our  Transactions.  The  importance  of  this  discovery 
is  great,  as  it  often  renders  amputation  of  a  limb  unnecessary, 
in  the  case  of  diseased  bones,  if  the  disease  be  not  in  the  perioo- 
teum. 

At  a  later  period,  Mr  Syme'a  active  mind  led  him  to  pay  atten- 
tion to  subjects  of  more  general  interest  eonneoted  with  the  medical 
profesaion.  In  the  year  1854  he  took  up  the  question  of  medical 
reform,  aid  addressed  a  letter  to  Lord  Palmerston  and  Lord 
Eloho,  recommending  the  appointment  of  a  General  Council  to 
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pass  regulatioDB  for  tlie  granting  of  medical  licenses  in  the  United 
Eingdom.  He  continued  for  eeveral  years  to  take  part  in  the 
public  diBcusaion  of  this  question.  His  views  were  very  generally 
approved  of,  and,  I  believe,  formed  the  basis  of  much  of  the 
LegtslatioD  which  bas  since  taken  place. 

Another  subject  of  much  local  interest  in  Edinburgh,  which 
engaged  Professor  Syme's  attention,  was  the  best  site  for  a  new 
Infirmary.  At  Bret  he  advocated  the  old  Hit« ;  but,  on  farther  con- 
sideration,  be  confessed  be  was  in  error,  and  nltimately  ener- 
getically assisted  those  who  wished  the  new  hospital  to  be  built  in 
the  suburbs  of  the  town,  where  purer  air  for  the  patients  would  he 
secured. 

During  the  winter  of  1868-9  Mr  Syme's  health  was  not  what  it 
bad  been.  He  was  less  able  for  the  fatigues  of  lecturing.  He 
was  also  much  harassed  by  the  frequent  meetings  he  had  to  attend 
about  the  new  Infirmary,  and  he  was  greatly  annoyed  and  irritated 
by  a  disagreeable  professional  controversy  in  which  he  was  in- 
volved. The  spring  of  1869  also  brought  heavy  domestic  afflic- 
tion. On  the  Gth  April,  after  performing  an  operation  in  the 
Infirmary,  he  had  a  bad  attack  of  paralysis,  which,  however,  left 
his  mind  unclouded.  He  so  far  recovered  that  he  was  able  once 
or  twice  to  walk  from  hia  villa  of  Millbank  to  see  patients  in  his 
consulting  rooms  in  Edinburgh,  and  even  to  give  advice  in  the 
Infirmary  as  a  consulting  surgeon.  He  resigned  bis  chair  in  July 
1869.  In  the  spring  of  1870  he  still  continued  to  see  patients, 
but  another  worse  attack  of  paralysis  occurred  in  May,  and  he  died 
on  the  26th  of  June.  He  was  interred  in  St  John's  Episcopal 
Church,  of  which  he  had  long  been  a  member,  followed  to  the  grave 
by  very  many  of  his  old  friends  and  pupils. 

I  will  of  course  not  attempt  any  account  of  the  services  ren- 
dered by  Professor  Syme  to  the  special  branch  of  the  medical  art 
to  which  he  atlached  himself.  All  authorities  concur  in  saying 
that,  in  virtue  of  the  many  important  discoveries  made  by  him,  hia 
skill  as  an  operator,  his  diaguostic  sagacity,  and  bis  accurate 
teaching,  lie  was  the  greatest  surgeon  of  his  time.  '. 
were  twofold.  He  abolished,  or  assisted  to  abolish, 
practices  in  surgery,  and  he  was  the  means  of  introduoing  many 
new  practices  which  have  been  generally  adapted.    Among  this 
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last  claBS  ma;  be  mentioned  hie  dimiDiBhing  the  frequency  of 
ampulations,  and  Bubstitntiog  exeuion  instead,  whereby  many  a 
person  nov  retains  an  arm  or  a  leg,  which  surgeons  previously 
had  been  in  the  habit  of  cutting  off.  The  like  good  effect  followed 
from  hia  discovery,  that  the  formation  of  bone  was  due  to  the  perioti- 
teum.  His  treatment  of  aneurisma  was  very  successful.  He  had 
an  almost  instinctive  faculty  in  discerning  the  true  character  of 
tumours,  of  which  one  example,  not  generally  kuown,  may  be 
mentioned.  A  Scotch  nobleman  was  suffering  from  polypus  in  tbe 
nose.  He  bad  consulted  the  most  eminent  Burgeons  in  Paris  and 
London.  In  both  of  these  capitals  he  received  the  same  opinion, 
that  the  tumour  being  of  the  malignant  type,  it  could  not  be  ex- 
tracted with  any  probability  of  saving  life.  Some  of  tliia  nobleman's 
frjenils  suggested  a  visit  to  Edinburgh,  tO'  obtain  Professor  Syme's 
opinion.  He  accordingly  came  here,  and  a  consultation  took  place. 
Mr  Syme  thought  the  tumour  not  malignant,  and  he  gave  an 
opinion  that  it  might  be  radically  extirpated.  The  operation  whs 
performed,  and  with  complete  succe^^a.  The  nobleman  alluded  to 
is  now  alive,  and  in  good  health. 

Syme's  manner  was  reserved  and  sometimes  abrupt  to  bis  patientB, 
of  which  the  following  anecdote,  related  to  me  the  other  day  by  a 
medical  friend,  is  an  illuslration.  A  landed  proprietor  in  Nor- 
tliumlierland  had  been  thrown  out  of  bis  dog-cart,  and  was  so 
severely  bruised  that  he  feared  bia  shoulder  had  been  dislocated. 
iiis  medical  attendant  had  a  doubt  about  it.  He  therefore  resolved 
to  go  at  once  to  Edinburgh  that  Syme  might  see  it.  At  the  hour 
appointed  be  called  on  Syme,  and  was  shown  into  a  room  where 
the  Professor  was  standiog  before  the  fire.  As  the  gentleman 
advanced.  Syme  bowed  stiffly,  but  did  not  speak.  Tbe  gentleman, 
who  was  lame  from  gout, — as  he  hobbled  into  tbe  room,  by  way  of 
beginning  conversation,  intimated  that  he  was  very  gouty,  on 
which  Syme  said,  "  If  that  'b  all  that  'a  tbe  matter  with  you,  yon 
need  not  come  to  me;  I  don't  cure  gout."  The  gentleman  next 
said,  "  But  I  think  my  shoulder  is  dislocated,  and  I  want  you  to 
examine  it,  if  you  will  help  me  off  with  my  coat."  Syme  replied, 
"  I  need  do  nothing  of  the  kind  ; — your  sbonlder  is  not  dislocated. 
Take  my  word  for  that.  I  don't  need  to  see  it."  The  decided 
tone  in  which  Syme  spoke,  so  impressed  the  old  gentleman  that 
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be  ulwyed,  and  bid  Mr  S3'me  good  morning,  but  not  befote  gtvinf; 
)iim  a  double  fee  for  his  weloome  opinioD.  He  told  bis  medical 
man,  wben  he  returned  home,  that  he  thought  Hr  Syme  the  moat 
self- possessed  man  be  had  met  with,  and  would  assuredly  go  back 
to  him  if  he  ever  had  again  to  consult  a  surgeon. 

Syme  was  remarlcable  not  only  for  telf-possessioB,  but  for  the 
more  nuble  qualities  of  professional  sincorily  and  honesty.  When 
befoundhimself  in  the  wrong,  he  never  hD:4ltKted  to  alter  his  course, 
nor  was  he  ashamed  to  confess  it.  When  the  late  Sir  David  Baird 
of  Newbytb  was  severely  burl  by  a  kick  from  a  horse  in  Berwick- 
shire, Dr  Turnball  of  Ckildstream,  who  attende<l  him,  becoming 
somewhat  auicious,  brought  Mr  Syme  out  to  see  him.  Ur  Syme, 
after  inspecting  the  broken  leg,  and  considering  the  case,  gave  a 
decided  opinion  that  there  was  no  reasonable  ground  of  apprehan- 
sion,  auil  reluraed  to  Edinburgh  the  same  day.  But  that  night 
Sir  David  BaIrd  became  restless  and  feverish,  and  Dr  TumbuU, 
notwithstanding  Syme's  opiniotr,  on  the  following  morning  thought 
of  again  sending  fur  Syme.  Enrly  that  forenoon  be  was  surprised 
to  see  a  carrinf^e  drive  up  to  the  door,  and  to  find  that  Syme  was  in 
it.  Dr  Tumbull  expressed  his  happiness  at  seeing  him  so  SODD 
again,  but  asked  what  bad  brought  him  back;  ou  which  Syme 
said,  "  I  never  closed  my  eyes  last  night,  becsuse  I  began  to  fear 
I  bad  given  you  a  wrong  opinion,  and  I  have  come  back  to  see 
your  patient  again."  Syme,  after  anolber  examination,  satisfied 
himself  that  there  was  too  good  reascm  for  anxiety,  and  intimated 
that  he  thought  Sir  David  Baird  would  not  recover.  He  died  two 
days  afterwards. 

Syme,  though  he  published  very  many  papers  in  the  medical 
journals,  was  not  a  voluminous  writer.  As  in  bis  operations  he  got 
through  bis  work  quickly,  never  drawing  from  his  patient  an  un- 
necessary drop  of  blood,  eo  in  his  publications  he  wrote  concisely, 
and  seldom  wasted  a  drop  of  ink  on  illustration.  His  most  im- 
portant work,  "  The  Principles  of  Surgery,"  went  through  five 
editions,  the  last  edition  being  in  bulk  smallerthan  any  of  its  pro- 
decesBora.  His  aim,  both  in  his  books  and  in  bis  lectures,  seemed 
always  to  be,  to  give  a  maximum  of  instruction  in  a  minimum  of 
words. 

Syme  was  proud  of  bis  profession,  and  proud  of  his  own  posi- 
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tioD  at  the  head  of  it.  Peihapii  it  was  from  this  cttuse  that  ha 
was  charged  with  unwillingness  to  admit  and  adopt  the  improve- 
ments suggested  by  others  in  surgical  practice.  On  the  other 
hand,  he  was  quite  indifferent  about  pressing  bis  claims  to  any 
honorary  distinction.  NeverflieleES,  from  various  public  bodies,  he 
did  receive,  unasked  for,  ackuowledgmentB  of  liia  merit ;  aa  when 
there  was  confened  the  M.B.  degree  from  the  Universities  of 
Dublin  and  of  Bonn,  the  D.C.L.  degree  from  Oxford,  and  Ihe 
Knighthood  of  the  Dannebrog  from  the  King  of  Denmark,  an 
honour  rarely  granted  to  a  foreigner.  On  a  General  Medieval 
Council  for  the  United  Kingdom  being  appointed,  he  was  cboeeii 
a  member  of  it,  to  represent  the  Universities  of  Edinburgh  and 
Aberdeen.  For  ten  years  be  took  a  lively  interest  in  ite  proceed- 
ings, and  his  opinion  was  always  listened  to  with  respeot.  It  was 
probable  that  Sjraie  would  have  been  elected  President  of  tlie 
Creneral  Medical  Council  on  the  retirement  of  Dr  Burrows  in  186i), 
but  Mr  Syme  about  this  time  became  unwell,  and  bis  friends  saw 
he  would  be  unable  to  fulfil  the  duties  of  the  office. 

After  Syma  resigned  his  profesBorehip  in  July  1869,  a  move- 
ment among  his  professional  brethren,  who  knew  bis  merits  as  a 
enrgeon,  was  commenced,  for  the  purpose  of  raising  a  testimonial 
which  might  keep  his  name  before  future  generations.  It  was  all 
the  more  striking  and  gratifying  that  this  movement  commenced 
in  London,  and  wae  warmly  aup^iorted  in  America,  because  indi- 
cating the  judgment  of  those  who  could  estimate  bis  services  free 
from  the  influence  of  local  feelings.  The  testimonial  will  embrace ' 
a  Bcholarship  to  bear  Syme's  name  of  L.lOO  a  year  for  students  of 
BUrgery  In  Edinburgh  University,  and  a  marble  bust  of  Mr  Syme 
for  the  great  ball  of  the  library.  The  funds  for  the  testimonial 
have  been  nearly  all  subscribed.  Should  there  be  any  deficiency, 
I. understand  it  will' be  made  up  by  the  University  Endowment 
Association. 

Besides  testimonies  from  abroad  to  his  professional  services, 
several  from  his  countrymen  in  Scotland,  of  a  very  gratifying 
kind,  were  not  wanting.  From-  many  provincial  aseoeiationa  of 
medical  men,  there  came  addresses  espressiog  regret  that  he  should 
have  found  it  necessary  to  resign  his  professombip,  and  conveying 
to  him  the  respect  and  gratitude  of  those  who  had  benefited  by 
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liu  advice,  teacliin;^,  and  esaniple.     One  rif  those  addresses,  from 
the  Border  Medical  Aseociation,  dated  at  Eetso,  on  tbe  1 8th  August 

J 869,  runs  as  follows: — 

"At  tlie  twenty-third  annual  meeting  of  the  Boriler  Medical  AsBocintion, 
ire,  the  undersigned  membert,  nnaniraoualy  reaolved  to  ask  jou  to  receire 
from  UB  a  ihort  adilraae  on  the  occasion  of  your  resignation  of  the  Frofessor- 
Bhip  of  Clinicnl  Snrgur;  in  the  UniTersity  of  Edinburgh. 

"  We  desire  to  ciiofej  to  Jon  onr  warmest  tlinnks  for  Ihe  »erj  kind  manner 
in  which  yon  bave  at  all  timei  discharged  jonr  duties  towards  onr  patienta 
and  ourselres.  We  beg  aka  to  thank  jim  sincerely  for  innnmerable  acts  of 
personal  kiudiieas  snd  attention,  for  vhich  we  shall  ever  feel  gratefnl.  Al- 
though  the  members  of  onr  profosaiou  generally  have  resolvad  to  offer  yon 
some  testimonial  in  recognition  of  your  inestimable  sarrices,  and  although 
yon  have  already  received  a  must  hearty  eipresaion  of  sympathy  and  regard 
from  tbe  profession  pracliaing  in  r»r  distant  lands,  we  trust  that  it  wilt  not 
be  otherwise  than  agreeable  to  ynu  to  know  that  the  medical  and  surgical 
practitioners  in  ycur  own  Border-land  are  equally  sensible  of  and  grateful  for 
the  great ■advantageH  they  have  derived  from  yonr  precepts  and  example.  It 
was  with  unmingled  foeliugs  of  sorrow  and  regret  that  we  heard  of  your  ill- 
ness, and  we  now  ntmt  heartily  rejoice  to  know  that  yon  have  so  far  recovered 
as  to  be  able,  in  some  degree,  to  reenms  those  profesaiotial  duties  which  we 
li!ive  all  learned  to  value  so  highly.  We  desire  to  express  llie  earnest  hope 
lliiit  yiiu  may  yet  be  longspsred  to  give  us  Ihe  benefit  of  that  eminent  wisdom, 
rust  bni>wledge,  and  matchless  diagnoetic  tact  and  skill  which  have  rendered 
your  name  famous  wherever  the  science  snd  art  of  surgery  are  known,  it  la 
to  us  a  source  of  pleasure  that,  on  the  very  day  of  our  assembling  here,  it  baa 
become  kuown  that  you  are  to  be  succeeded  in  your  chair  by  your  son-in-law. 
Mr  Lister,  believing  as  wc  do  that  his  appnintment  will  be  peculiarly  grati- 
fying to  yourself,  in  the  highest  degree  acceptable  to  the  profession  at  home 
and  abroad,  anil  lii^hly  calculated  to  maintain  tbecelebrity  of  tbe  £diiibnrf;b 
surgical  school,  in  which  you  have  so  long  been  tlie  distinguished  master." 

If  there  was  any  taste  or  pursuit  beyond  that  of  his  own  speoial 
profeesion  for  which  Mr  Syme  had  a  predilection,  it  was  gardening. 
He  long  cultivated  with  great  snccess  the  rarest  plants  of  distant 
temperate  and  tropical  countries,  and  annually  carried  off  the 
highest  prizes  at  the  exiiihitious  of  the  Horticultural  Society  of 
Scotland.  He  wae  equally  successful  with  tropical  fruits,  among 
others  the  banana,  which  be  was  one  of  the  first  in  this  country  to 
ripen  in  perfection.  In  his  later  yeara,  at  liie  villa  of  Millbank,  be 
formed  a  large  collection  of  Orchids.  Among  these  he  spent  much 
of  bis  leisure  hours.  To  his  friends  and  former  pupils,  when  they 
came  to  see  him,  he  was  ever  ready  to  show  kindness  and  hospi- 
talily;  and  the  friendships  which  he  made  were  lasting,  warm- 
hearted, anil  disinterested. 
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Perhaps  the  leading  qualities  of  S^'tne'-s  character,  and  which 
eiiaured  liis  eucceas  in  life,  were  clearnees  uf  perception,  fearless 
iioDeetj  of  purpose,  and  etrength  of  will.  He  was  always  able  to 
see  elearly  the  point  at  which  to  aim,  and  by  nteadiness  both  of 
eye  and  hand,  to  reach  it,  iu  spite  uf  obstaclts  and  difBculties 
which  would  have  made  most  olber  men  flinclj.  Self-reliance 
was  hit  chief  stepping-stene  to  fame, — the  honourable  fame  of 
having  greatly  advanced  the  science  which  tends  to  save  life  and 
limb,  and  also  to  assuage  human  suffering. 

Ill,  I  come  now  to  the  third  head,  which  w  to  offtr  a  Jew  lay 
gesiionsfor  increaeiny  the  efficiency  ofoHr  Socicli/, 

Under  this  head  there  are  two  points  which  demand  attention. 

Isl.  Can  OUT  present  arrangements  be  improved  ? 

2d.  Are  there  any  drawbacks  whicli  can  be  counteracted? 

(1.)  In  regard  to  our  present  arrangements  for  carrying  on  the 
Society's  bnsiness,  the  most  important  is  undoubtedly  the  publica- 
tion of  papers  in  our  Proceedings  and  Transactions.  Its  import- 
ance cannot  well  be  over-estimated.  Probably  but  for  this  mode  of 
recording  discoveries,  speculations,  and  inventions,  and  also  of  puh- 
litihing  them,  half  of  these  would  never  have  become  known  lo 
the  world.  It  is  no  disparagement  to  the  papers  which  appear  in 
our  Proceedings  and  Transactions  to  say  of  them,  that  to  only  one 
person  out  of  a  thousand  are  they  of  any  interest,  and  therefore 
that  they  would  not  be  read,  and  would  not  pay  to  be  published  by 
the  authors  at  their  own  expense.  But  -next  to  the  pleasure  of 
effecting  discovery,  is  that  of  making  known  the  discovery  to  others. 
This  last  pleasure  can  therefore  in  many  cases  be  obtained  only 
through  means  of  societies  like  ours.  But  there  is  another  and  a 
separate  good  done ;  not  only  are  investigators  stimulated,  but 
when  the  results  of  their  investigations  become  widely  known, 
these  often  suggest  new  views  to  other  inquirers,  who  maks  use 
of  these  published  results  as  stepping-stones  for  overcoming  some 
difficulty  which  had  obstructed  their  own  inquiries.  In  that 
way,  also,  men  of  science  and  literature  in  different  countries 
become  acquainted,  so  as  to  aid  one  another  in  their  respective 
labours. 

I  have  surely  said  enough  to  show  how  useful  these  puhlitations 
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are,  and  it  is  noBoiall  proof  of  this  when  we  find,  as  I  have  already 
BUted,  tbat  our  Traneactiona  are  almost  ever;  year  becoming  more 
bulky. 

The  only  practical  soggestion  which  it  occhfs  to  me  (o  offer 
under  this  head  is,  that  meaus  should  be  taken  to  ensure  early 
publication.  I  am  sorry  to  find  that  the  volume  containing  last 
year's  papers  has  not  yet  been  published,  though  the  Society's  law 
expressly  stateii  that  "the  Transactions  shall  b&puhlithtd  at  Ae 
cloie  of  each  Session." 

(2.)  Another  part  of  our  proceedings  to  which  I  respectfully 
invite  attention  is  the  best  mode  of  conducting  our  evening 
meetings.  What  is  the  object  and  use  of  these  meetings?  From 
a  paper  published  in  the  first  volume  of  our  Transactions,  entitled, 
"  Hi»tory  of  the  Society,"  drawn  up,  1  believe,  by  the  first  secre- 
tary, Dr  RobJBon,  it  is  stated  that  these  meetings  were  held  in 
order  that — 

"  Essaja  and  absecvatioiiB  of  memben  or  their  correspondentt  maj  b«  teft 
pqbliclj,  and  become  the  nibjecli  of  eonveTiation,  The  anthoi  is  likewise  lo 
farniah  an  abslc[ivt  of  hia  disaertstion,  to  be  read  at  the  next  meeting,  when 
tlie  eoBptrialion  ia  renewed  with  increaeed  adTantnge, 

"  Several  papen  have  been  cotnmunicBted  with  the  sole  view  of  fDiDiahinf; 
an  occaaional  tntertainnent  to  members,  which  do  not  afterwaida  appear  in 
the  Tranaactiona.  Eeaajg  aiid  cases  are  often  read  at  the  meetinga  in  order 
to  obtain  tht  opinioni  of  membun  on  interesting  or  intricate  aubjecta.  Some 
papers  intended  for  future  pnblication  have  been  «ithdi«wu  for  the  preeant 
b;  their  anthers,  In  order  to  proQt  bj  what  haa  oocnrred  in  the  oMMtrMttoiM 
which  the  reading  of  the  papers  baa  snggeale^" 

The  original  intention,  therefore,  of  onr  evening  meetings  was 
to  eocourage  discussion  among  the  members  on  the  papers  read, 
and  this  object  we  have  ever  since  kept  in  view,  though  on  account 
of  the  length  and  number  of  the  papers  put  down  to  be  read  in  one 
evening,  there  has  often  been  no  time  for  any  discussion  of  then. 

I  suppose  it  bad  been  with  the  view  of  remedying  this  incon- 
venience that  in  October  18<)G  the  Council  of  the  Society  made  a 
remit  to  the  three  secretaries — 

"  To  report  as. to  the  poaaibilit]'  of  scoDomising  time  b;  some  change  id 
the  present  order  of  the  bmiDesa  of  the  general  meetings,  and  bj  indneing 
the  autbon  of  papers  to  give  (vheo  neoesaarf )  condensed  abstraela  of  them, 
leaving  the  detaila  for  being  printed  when  their  publication  in  the  Tiansao- 
tioiia  maf  be  determined  on." 
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The  three  secretaries  accordingly,  in  December  1836,  reported 
how  this  object  might  be  brought  about,  viz.,  that 

"  The  membera  of  Council  to  whom  papers  are  referred  for  pralimmar; 
eumiiuUioii  shall,  after  peraaal,  a^itt  with  M*  iw(A«r(  in  what  manner  the; 
maj  be  ihorttned  in  reading  them  to  the  Boci^j.  The  secretariea  farther 
BDbmit,  that  aome  ceniae  of  this  kind  is  imperionslj  called  for,  b;  the  increaa- 
ing  namber  and  tsIds  of  the  commnnications  presented  to  the  Societjr. 
They  farther  eipren  Uieir  conTlction,  that  the  change  in  qnestion,  if  acted  on 
by  anihoi*,  will  add  greatly  to  the  spirit  of  the  Society's  meetinga,  and  to  the 
iotereat  of  the  members  in  its  proceedings." 

They  add  in  tlieir  report,  "That  the  public  business,  if  time 
enough  be  left,  should  be  concluded  with  verbal  communications 
of  scientific  newe." 

This  report  was  adopted  aad  approved  of  by  theOouncil,  and 
ordered  to  be  printed,  so  that  I  have  no  doubt  it  was  communi- 
cated to  the  Society  generally,  and  attempted  to  be  carried  out. 

In  now  therefore  bespeaking  renewed  attention  to  this  subject, 
I  only  desire  to  urge  what  eeema  to  have  been  alike  intended 
by  the  founders  of  the  Society,  and  aimed  at  by  those  who  have 
preceded  ua  in  the  Suciety's  management. 

The  advantages  of  a  good  attendance  of  members  at  our  meet- 
ings, and  also  of  a  discussion  of  the  papers  read  at  tliem,  are 
obvious.  It  is  for  the  credit  of  the  Society,  that  its  members 
should  take  an  interest  in  its  objects,  and  show  that  interest  by 
attending  its  meetings.  It  is  an  encouragement  to  literary  and 
soieutific  authors  to  bring  forward  papers,  when  they  know  that 
these  will  be  read,  not  to  dead  benches,  but  to  living  associates, 
and  to  associates  who  will  listen,  and  some  of  whom  will  state,  after 
hearing  the  papers,  whether  they  appreciate  the  views  contained  in 
them.  It  is  also  an  advantage  to  members  to  have  an  opportunity 
of  meeting  Mie  another,  for  the  purpose  of  cultivating  friendly 
intercourse,  and  obtaining  information. 

Id  the  Geological  Society  of  London — the  only  Society  there, 
whose  meetings  I  have  had  an  opportunity  of  attending — special 
means  are  taken  to  induce  a  good  attendance,  and  also  to  induce 
verbal  ditctutvm  at  evening  meetings.  As  papers  are  more  intel- 
ligible and  attractive  when  illustrated  by  diagrams,  authors  of 
papers  are  encouraged  to  exhibit  diagrams  whenever  that  is 
possible,  the  Society  paying  the  cost  of  them,  subject  to  certain 
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checks.  DiscuseioD  aliuoBt  invariably  takes  place  ;  though  whelljer 
any  previous  arrangement  to  ensure  this  is  made,  I  cannot  tell. 
After  the  public  busineBS  is  over,  there  is  an  adjournment  to 
an  adjoiiting  apartment  for  refreshmenlB ;  in  which  apartment 
there  are  comfortable  chairs  and  sofas,  where  members  and  their 
frien'ls  can  chat  together  if  they  like.  There  is  also  at  these 
meetings  a  greater  variety  of  refreshments  than  we  provide. 

I  trust  I  may  be  excused  for  referring  to  these  common-piece 
details,  but  I  attach  so  much  importance  (o  a  good  attendance  at 
our  evening  meetings,  that  I  would  desire  to  leave  no  means  ud- 
tried  to  secure  it. 

What  nre  the  means  which,  for  this  purpose,  I  suggest  ? 

1st,  I  think  that  papers  of  so  abstruse  a  nature  as  not  to  be 
intelligible  to  three-fourths  of  the  members,  ought  not  to  he  read, 
nor  even  an  abstract  of  them, — but  only  a  verbal  account  given  of 
the  nature  of  the  paper,  and  its  bearings. 

2d^  No  paper,  however  intelligible,  should  be  read  verbatim, 
unless  it  occupy  ouly  a  few  minutes,  say  fifteen  or  twenty,  but 
only  an  abstract  of  it  shall  he  read  or  verbally  stated. 

ad,  The  members  of  Council  to  whom  i he  paper  has  been  re- 
ferred to  report  on  its  fitness  for  the  Society  should  be  prepared, 
after  the  author  has  read  his  paper  or  staled  its  substance,  to  give 
their  opinion  of  tlie  meriisof  the  paper,  the  President  for  the  night 
also  adding  a  few  remarks. 

^h,  Diagrami;,  where  possible,  ought  to  be  exhibited,  one-half 
of  the  cost  of  which  should  be  paid  from  the  Society's  funds,  sub- 
ject to  the  check  of  a  committee. 

5tA,  It  shall  be  competent  for  a  Fellow  at  the  commencement  of 
buiiiness,  with  tlie  leave  of  the  Secretary  and  President  for  the 
night,  to  e^Lhihit  any  article  or  object,  organic  or  inorganic,  or  any 
instrument  of  scientific  interest  recently  discovered  or  invented, 
and  give  a  short  verbal  explanation,  it  being  nnderstood  that  such 
verbal  explanations  shall  be  concluded  before  6.15  p.m.,  so  that  the 
written  papers  announced  in  the  billet  may  then  be  proceeded  with. 

6f&,  There  ought  to  he  in  the  retiring-room  something  better 
provided,  in  the  way  of  refreshment,  than  a  cup  of  tea,  as  also  chairs 
or  sofas  for  the  convenience  of  those  who  attend  the  meetings. 

2,  The  next  point  to  which  X  advert  is  the  existence  of  certain 
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driiwbacks  to  the  efficiency  and  influence  of  our  Society,  and  tlie 
possibility  of  counteracting  these. 

When  onr  Uoyal  Society  was  establiebed,  now  nearly  ninety 
years  ago,  no  other  Bociety  devoted  to  literature  or  to  science 
existed  in  Edinburgh.  It  was  therefore  natural  and  right  that 
the  Society  should  embrace,  among  its  objecis,  all  the  depart- 
ments of  knowledge  which  were  then  known,  or  were  beginning  to 
be  caltivated. 

The  rapid  extension  of  different  sciences  soon  rendered  it  im- 
possible for  one  society  to  give  due  attention  to  all  these,  or  to 
assist  iuTOGtigators  in  each,  to  the  full  extent  that  they  desired. 

Hence  separate  societies  came  to  be  formed,  devoted  to  parti- 
cular sciences ;  and  these  societies  were  naturally  joined  by  many 
persons  who,  but  for  them,  would  have  probably  become  members 
of  our  Royal  Society. 

What  has  been  tbe  consequence?  We  have  in  Edinburgh,  and 
our  other  large  towns,  very  many  institutions,  both  lilerary  and 
scientific,  which  are  strong  in  membership;  and  even  in  our  pro- 
vinces, we  have  societies  and  clubs,  devoted  to  botany,  geology, 
zoology,  and  archeeology,  some  of  which  also  possess  a  large  staff 
of  members. 

Let  me  enumerate  the  membership  of  some  of  the  Eilinbuigh 
societies : — 

The  Medico- Cbirurgical  Society,  instituted  1S21, 

has  about 300    Membera. 

The  Philosophies]  Institutdon,  about  .    SOOO         „ 

The  Oeological  Society,  instituted  iu  1834,  has  160  Oidinary  Members. 
The  Koyal  Physical  Society,    ....    260         „  „ 

The  Botanical  Society,  instituted  1836,   .        .    360         „  „ 

The  Arboricultural  Society,     ....    500         „  „ 

The  Society  of  Antiquaries,     .  .        .    3CN)         „  „ 

The  Royal  Society  of  Arts,  instituted  1821,  has   420         „  „ 

The  Meteorological  Society,  instituted  1856,    .    600         „  „ 

With  regard  to  provincial  societies,  I  may  mention  that  Sir 
Walter  Elliot*  of  Wolfelee  has  lately  been  making  out  a  list 
of  Natural   History   Societies   and   Field   Clubs,    existing    not 

*  The  list  here  refeTred  to  will  be  found  in  an  address  delirered  by  Sir 
Walter  Elliot  to  the  Botanical  Society  of  Edinburgh  on  10th  Novuiiiber  16T0 ; 
and  is  to  be  iirinled  in  tbat  Society's  TrnnsactinnB  for  1670-71. 
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only  in  Scotland,  but  in  England  and  Ireland.  This  list  will 
be  exceedingly  inEtructiTe,  as  I  understand  it  apeciSes  the  ob- 
jects of  each  Society  or  Club,  the  nature  of  its  operations,  and  the 
district  of  country  with  which  it  is  connected.  He  has  bad  tbe 
kindness  to  send  to  me  an  account  of  twelve  of  these  proviocial 
societies,  the  most  northern  heing  in  Orkney  and  Shetland,  tbe 
most  Boutbem  in  Berwiokshire,  Dumfries,  and  Galloway.  About 
one-lialf  of  theee  societies  publish  proceedings  or  reports  in  80in« 
form  or  other,  for  circulation  among  their  own  members.  To  one 
of  these  last-mentioned  provincial  societies,  connected  with  the 
Eastern  Borders  of  England  and  Scotland,  "Tbe  Berwiokshire 
Naturalists'  Cluh,"  Sir  Walter  Elliot  and  I  belong.  It  has  a 
memhership  of  250  persons,  and  has  published  six  octavo  volumes 
of  reports  on  topics — Botanical,  Geological,  Zoological,  Entomo- 
logical, and  Arch  geological. 

Though  it  is  chiefly  the  Edinburgh  societies  which  keep  mem- 
bers from  our  Royal  Society.  Roll,  and  papers  from  our  Transac- 
tions, there  can  be  no  doubt  that  the  societies  of  other  towns,  and 
of  the  provinces,  act  more  or  less  in  the  same  direction.  But  in 
saying  this  of  any  of  these  separate  societies,  I  mean  no  disparage- 
ment of  them;  nor,  in  spite  of  their  interference  with  our  useful- 
ness and  influence,  do  I  regret  their  multiplication.  On  the  prin- 
ciple of  tbe  division  of  labour,  the  more  societies  the  better,  for 
the  sake  of  the  stimulus  they  give  to  scientific  investigations. 
Tbe  late  Principal  Forbes,  in  his  address  from  this  chair  in  tbe 
year  18C2,  in  alluding  to  tbe  effect  which  these  societies  had  on 
as,  thought  that  they  "  fostered  (to  use  his  own  words)  a  tpinl  of 
rivalry  towards  the  larger,  more  national,  and  more  permanent 
lustitutioD,  which  the  Royal  Society  of  Edinburgh  might  fairly 
claim  to  be."  I  have  never  seen  indications  of  a  spirit  of  rivalry, 
in  the  sense  of  hostility.  All  the  length  I  can  go  is  to  admit — 
as,  indeed,  I  affirm — that  the  existence  of  so  many  separate  scien- 
tific sooieiies  in  Scotland  has  tbe  efl^ect  of  curtailing  our  member- 
ship and  our  operations,  and  that  this  effect  will  increase  unless 
means  be  devised  to  counteract  it. 

I  think  such  means  may  be  devised,  and  with  advantage,  not 
only  to  our  own  and  other  societies,  but  to  tbe  cause  of  science. 
There  are   many  researches  and  inquiries  which   can   be  im>- 
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Becuted  succesBfully  only  by  tlie  co-operation  of  many  persons 
acting  together,  or  acting  in  different  dietricts.  Opportunity  for 
Bach  co-operation  might  be  afforded  by  separate  societies.  Thus 
the  Committee  of  the  BritiBli  Association  on  Luminous  Meteors 
lately  applied  to  the  Scottish  Meteorological  Society  to  have  a 
certain  nnmbtrr  of  their  obseirerB,  situated  in  different  parts  of  the 
coantry,  told  off  to  watch  on  particular  night«  the  occurrence  of 
meteors,  and  niaik  down  on  maps  funii«hed  to  them  their  poei- 
tions,  the  dire<;tion  of  their  movements,  and  other  particular". 
That  is  an  example  of  two  independent  scientiGc  bodies  co-operat- 
ing together.  Wbat  I  next  mention  shows  the  co-oi>eration  of  six 
or  eight  societies.  In  Bwirzerland,  and  in  the  South  of  France, 
the  various  Niitural  History  and  Physical  Societies  have  been 
carrying  on  a  joint  investigation  to  record  the  exact  position  of 
the  most  remarkable  "boulders"  in  the  districts  with  which  Ihey 
are  severally  connected.  For  this  purpone  one  central  society — 
the  Helvetic  Society — has  issned  to.  the  s'>cieties  at  Neufchatel, 
Berne,  Aargau,  Geneva,  Lyons,  and  Grenoble,  suitable  maps  and 
schedules.  These  societies  have  already  maile  great  advances  in 
ascertaining  and  marking  down  the  exact  position  of  numerous 
boulders  above  100  tons  in  weight.  They  have  done  more,  for 
they  have  succeeded  in  slopping  the  wholesale  destniclion  of 
boulders,  which  were  being  victimised  to  agricultural  improve- 
ments;  and  so  much  have  their  objects  been  appreciated  by  tl.e 
municipal  and  State  authorities,  that  the  latter  pay  the  cost  of  the 
necessary  printing,  and  other  expenses  required  for  the  investiga- 
tion.* 

Another  case  of  co-operation  nearer  home  may  be  mentioned. 
Professor  Roscoe  of  Manabester  is  forming  what  he  calls  a 
"  National  Science  Uniuo,"  embrsciiig  not  only  scientilie  inves- 
tigations, but  also,  and  even  more  especially,  action  on  the  Legis- 
lature and  the  Grovemment.  With  reference  to  this  last  object, 
he  observes,  that  "  although  those  who  are  engaged  in  scientific 
investigatioD  or  instruction,  undoubtedly  form  one  of  the  most 
intelligent  professions  in  the  kingdom  j  yet,  for  want  of  union, 

*  Piofesaoi  Faure  of  Geneva  has  liad  the  biodneM  to  send  to  me  leveral  or 
the  Hapfl,  Schedntei,  and  Beporln,  showinf;  the  progrcKi  mfide  b;  tbe  diflereijt 
Mcielias  aiding  iu  tlifs  invMtigation. 

vot.  VII.  ■>  t, 

DiqitlzscbyClOOqlC 


288  Proceedvigs  of  the  Royal  Society 

they  have  no  commeneurute  influence  on  tlie  Legislature.  The 
iDterestB  of  commerce,  roanufactureH,  agricultDre,  railwajrs,  and 
the  clerical,  legal,  oaral,  auS,  military  profeBsioos  are  represented 
by  strong  parties  in  Farliament,  yet  there  are  very  few  members 
of  either  Houso  who  can  be  said  to  represent  the  high  interests  of 
science.  It  is  therefore  urged  that  no  time  should  be  lost  in 
creating  an  oi^anisation,  which  will  enable  those  interested  in  the 
progress  of  science  to  use  their  proper  influence,  and  when  the 
time  arriTes,  to  press  their  legitimate  claims  upon  the  Legislature." 
A  programme  has  been  widely  circulated  for  the  purpose  of  ascer- 
taining how  far  the  proposals  contained  in  it  meet  with  the 
support  of  men  cultivating  all  branches  of  science,  and  living  in 
all  parts  of  the  country.  Professor  Boscoe  adds,  that  "the  pre- 
sent moment  appears  to  be  well  suited  for  action  in  this  matter, 
as  the  establiskment  of  a  UBion  amongst  men  of  science  must 
strengthen  the  hands  of  the  Boyal  Commission  now  consideriDg 
the  whole  subject  of  State  aid  to  science." 

The  movement  thus  commenced,  and  going  on  in  various  quar- 
ters for  co-operation  and  confederation,  deserves  our  coneideratiou. 
We  Bee  the  important  purposes  which  may  be  thereby  attained, 
not  only  by  facilitating  important  physical  investigations,  but  also 
by  giving  to  scientific  bodies  a  greater  power  and  influence  in  the 
country  to  which  they  are  well  entitled. 

If  it  be  asked  how  co-operation  and  confederation  can  best  be 
secnred,  I  may  perhaps  be  told  that  it  will  be  enough  to  trust 
to  sympathy  with  each  other,  created  by  the  pursuit  of  common 
objects,  and  that  nu  special  or  formal  alliance  is  necessary.  As 
among  all  the  branches  of  human  knowledge  relationship  prevails, 
so  it  is  said  there  is  naturally  and  unavoidably  a  similar  connec- 
tion among  societies.  But  the  wtll-known  Riman  apborisru 
which  speaks  of  this  relationship,  speaks  also  of  a  bond  to  cemeiit 
it,  "Omnes  artes  quae  ad  bumanitulem  pertinent,  habent  com- 
mune vinculum,  et  quasi  cognations  quadem  inter  ae  continenlur." 
The  "commune  vinculum"  here  referred  to,  is,  I  tliink,  desir- 
able ;  and  that  bond  may  fitly  be  constituted  by  a  central  society, 
which,  embracing  in  its  own  programme  of  uperationa  various 
sciences,  holds  out  a  band  of  welcome  and  co-operatiou  to  other 
societies,  severally  devoted  to  some  one  of  these  sciences.      The 
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late  Ptinct[ial  Forbeu  etrongly  maitjtaiued  the  expediency  of  a 
central  society  on  a  separate  ground,  which  is  exiilained  in  the 
following  paragntphB  of  his  aildresp.    He  urged  that— 

"  To  muataiti  tbo  diuacter  for  energy  and  stability  of  ona  centrul  eocietj, 
ia  in  reality  tLe  cummoti  interest  of  all  who  cultiv&le  science.  Deligbtful 
and  inBtrnctive  ineetioga  ma;  be  held  b;  a  local  body  of  geologiata,  oi 
cbemiats.  or  natuialista.  But  such  local  aatiiciabioDB  requiie  immense  vitatitj 
to  be  permanent.  Oeneralt;  they  fall  into  abeyance  in  twenty  or  thirty 
yeara :  and  if  they  attempt  to  record  their  labour*  by  publications,  these 
pablicationa  having  never  attained  more  than  a  very  limited  circul&tion,  be- 
come inaccessible  and  forgotten.  The  matured  written  reporia  of  theae 
labonra  in  minor  aocietiea,  are  beat  coneigned  for  preservation  to  the  publica- 
tions of  a  central  and  enduring  asaociation.'' 

All  these  views  cTidently  point  to  out  own  Society,  as  being  one 
well  qualified  to  undertake  the  duties  and  poeition  of  a  central 
body  in  order  to  promote  co-operation  and  confederation  among 
the  various  ecieutific  bodies  in  Scotland ;  and  if  it  be  objected 
that  my  views  could  not  be  carried  out  without  some  Considerable 
change  in  onr  eBtablisbed  cuatome,  I  have  only  to  say,  that  as  in 
Government?,  it  is  wise  to  make  from  time  to  time  such  reforms  aa 
are  called  for,  in  order  to  retain  public  confidence,  or  promote 
more  efficient  action  ;  so  in  other  institutions,  it  is  equally  <!Xpedi- 
ent  to  watch  the  progress  of  events,  which  may  necessitate  from 
time  to  time  some  changes  in  their  modes  of  operation. 

The  changes,  however,  which  would  benefit  both  our  Own  Society 
and  others,  are  really  not  so  important,  as  that  the  Council  of  its 
owQ  authority  may  not  competently  adopt  them.  They  are  as 
follows ; — 

(la(.)  That  should  any  society  in  Scotland  having  literary  or 
scientific  objects,  desire  to  be  connected  with  the  Royal  Society  of 
Edinburgh,  it  shall,  if  onr  Council  approves,  be  held  to  be  affiliated 
with  us,  and  to  be  entitled  to  the  privileges  of  an  affiliated  society. 

(_2d.)  That  any  member  of  an  affiliated  society,  on  intimating 
to  our  secretary  his  name  and  address,  shall  receive  a  billet,  en- 
titling him  to  free  access  to  our  meetings,  as  well  as  to  our  library 
and  reading-room. 

(3(2.)  That  an  affiliated  society  shall  have  right  to  send  to  us, 
throngb  its  office-bearers,  reports  or  papers  by  any  of  its  members, 
on  literary  or  scientific  subjects,  which  if  approved  by  the  Council, 
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may  be  read  «t  oar  eveuJDg  meetings,  and  may  be  published  id  our 
Transact  ions. 

(4f%.)  That  our  Ooancil,  od  the  other  band,  sbalt  be  entitled  to 
appeal  to  any  affiliated  society  for  no-operation  in  tlie  ascertain m en t 
of  facta,  or  the  investigation  of  phenomena,  lying  within  the  com- 
pass of  its  objects,  and  also  within  the  field  of  its  operations ',  and 
if,  in  response  to  this  appeal,  a  report  ia  made,  we  may,  if  approved 
by  the  Council,  have  it  read  or  -noticed  at  our  meetings,  and  pub- 
lished in  our  Transactions. 

(5ih.)  That  in  the  event  of  any  important  investigationa  or  ex- 
periments being  wished  to  be  made  by  tJie  members  of  an  affiliated 
society,  which  however  cannot  be  made  by  them  on  account  of  the 
expense  thereof,  it  shall  be  competent  for  the  office-bearers  of  such 
affiliated  society  to  apply  to  the  Council  of  our  Society  to  defray  a 
portion  of  the  expanse,  out  of  the  funds  of  our  Society,  or  out  of 
an  annual  grant,  should  such  be  obtained  from  Qevemment,  to 
aid  scientific  investigations  in  Scotland. 

Some  such  arrangements  as  those  I  have  now  anggested,  would 
probably  produce  co-operation  among  most  of  the  societies  in  Scot- 
Itmd  devoted  to  science  or  literature,  a  co-operation  which  would 
be  attended  by  advantages,  both  to  them  and  to  the  advancement 
of  their  objects . 

IV.  In  adverting,  under  the  next  head  of  this  addxess,  to  llie 
vMfalneM  of  swiK  toeieliea  as  ours,  it  is  only  neceissry  to  obswve 
that  they  have  been  established  to  aid  philosophers  in  the  peculiar 
work  to  which  they  devote  themselveH.  Whether  we  regard  the 
work  they  accomplish,  or  tbp.  motives  which  inspire  them,  these 
philosophers  deserve  all  the  encouragement  and  aid  which  can 
be  given.  They  love  knowledge  for  its  own  sake; — their  chief 
pleasure  consists  in  searching  for  knowledge; — and  their  highest 
happiness  is  to  discover  some  new  truth.  Fortunately  for  the 
World,  there  have  been  in  all  ages,  and  among  almost  every  people, 
individuals  who  have  cherished  those  noble  aspirations.  The  old 
Hebrew  king  has  recorded,  how  he  "applied  his  heart  to  know 
and  seek  out  the  reasons  of  things,"  and  avouched  from  experience, 
liow  "Happy  is  the  man  who  Gudeth  wisdom."  The  enlightened 
Boraan  expressed  the  same  seutiment  when  he  exclaimed,  "  Felix 
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qui  potait  renim  cognoacere  canBoa."  The  Greek  mathematician, 
on  discovering  that  the  square  of  the  hypothenuee  in  a  right-angled 
triangle  is  equal  to  the  Bum  of  the  squares  of  the  other  two  sides, 
in  testimony  of  his  happiness  ofieied  a  hecatomb  to  the  gods ; 
whilst  a  Sioilian  philosopher,  when  he  found  how  to  aecertaiD  the 
specific  gravity  of  bodies,  was  so  overjoyed,  that  he  rushed  out  of 
his  bath  naked  into  the  streets,  mud  with  delight.  Our  own  Sir 
Isaao  Newton  became  so  elated  or  agitated  when  approaching  the 
end  of  his  calculations,  which  he  saw  would  prove  that  the  plane- 
tary movements  were  all  governed  by  the  law  of  gravitation, — that 
law  which  he  was  the  first  to  discover, — that  he  was  obliged  tu 
hand  over  his  calculations  to  a  friend  to  complete  them.  These 
men,  and  thousands  more  of  the  same  stamp,  were  all  animated 
by  a  heaven-bom  instinct  to  pry  into  the  niysteries  of  nature,  to 
study  the  mechauiBm  of  the  universe,  and  deduce  the  rules  or 
principles  which  the  Almighty  had  followed  in  the  work  of  crea- 
tion, and  still  fallows  in  the  equally  great  work  of  upholding  the 
universe.  Their  tastes  were  noble,  because  pure ;  their  tesearches 
and  labours  also  were  noble,  because  disinterested.  They  worked 
not  for  their  own  individual  benefit,  nor  even  for  that  of  their  own 
kin  or  country,  but  for  that  of  the  human  race.  Men  characterised 
by  such  tastes,  such  motives,  and  such  pursuits,  surely  deserve 
encouragement,  and  if  scientific  societies  alford  it— their  usefulness 
is  unquestionable. 

How  these  societies  afford  this  euconragement  I  have  already 
partly  explained,  when  adverting  to  our  own  operations,  and 
in  particular  to  the  stimulus  given  to  men  of  science,  when 
by  means  of  our  meetings,  and  oni  TrADsactions,  Ihey  obtain 
an  opportunity  of  intimating  tbeir  discoveries  and  publishing 
them.  It  is  probable  that  there  are  thousands  of  discoveries — 
the  groundwork  of  important  inventions, — which  never  would 
have  become  known, — nay,  which  never  would  have  been  made, 
but  for  the  existence  of  such  societies  as  ours.  For  example,  the 
Pnncipia  of  Newton  would  not  have  been  given  to  the  world  at 
the  time  they  were  given,  bad  the  Royal  Society  of  London  not 
agreed  to  print  them ;  for  Newton  was  so  poor,  that  he  could  not 
afford  to  continue  his  subscription  as  a  member  of  the  Society, 
small  as  that  was. 
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Whilst  philoaophers  are  encouraged  by  tLetie  societies  to  invteti- 
gttte,  by  knowing  that  their  discoveries  will  be  recorded  and  pub- 
lished by  the  societies  of  which  tbey  are  members,  others  who 
may  or  may  not  be  members,  when  they  see  these  discoveries 
and  study  their  bearings,  are  often  able  to  turu  them  to  account, 
and  in  a  way  never  anticipated  by  the  authors.  Hundreds  of  caaee 
can  be  stated,  wbere  papers  published  in  scientiSc  transactions,  oti 
being  perused  and  studied  by  other  inquirers  often  in  a  distant 
part  of  the  world,  have  been  to  them  as  bridges,  enabling  them  to 
pass  over  difficulties  which  previously  had  obstructed  progress,  and 
on  the  brink  of  which  tbey  had  been  sitting  in  despair. 

That  Bcientifie  societies  contribute  immensely  to  the  advance- 
ment of  knowledge,  may  be  farther  inferred  from  this  ciroum- 
stance,  that  as  it  is  during  the  last  fifty  years  that  discoveries 
and  inventions  have  been  more  plentiful  than  in  any  former  age, 
so  it  is  during  the  last  £fty  years  that  these  societies  have  multi- 
plied, anil  a  wide  circulation  given  to  their  published  transactions. 

To  these  societies  mainly,  mankind  is  therefore  indebted  for  the 
marvellous  contrivances  and  processes  which  distinguish  the  pre- 
sent age  above  all  that  have  preceded  it.  Most  of  these — such  as 
electro-magnetism,  electro -plating,  photography,  artificial  tight, 
improved  telescopes  and  microscopes,  steam  machinery,  ansestbe- 
tical  agents  and  medical  disinfectants — sprung  ont  of  experiments, 
observations,  or  speculations,  were  very  unpromising  as  regarded 
any  practical  utility  when  first  announced,  but  ultimately  became 
sources  of  incalculable  material  wealth,  as  well  as  of  vastly  in- 
creased comfort  and  enjoyment  to  man. 

These  triumphs  of  modern  science,  ore  also  the  chief  elements  of 
our  present  civilisation,  and  for  them  the  world  is  indebted  chiefly 
to  scientific  bodies  such  as  onrs. 

V.  In  adverting  to  the  last  head  of  this  address,  viz. : — on  the 
bett  way  of  encouraging  and  aiding  twh  locietia  as  cvra,  I  have  to 
remark  that  it  may  be  efiected  in  two  ways,  viz , — directly,  by 
grants  and  accommodations  from  the  State;  and  indirectly,  by 
creating  among  all  classes  of  the  population  a  greater  taste  for 
scientific  pursuits. 

1.  Taking  the  indirect  method  first,  it  is  hardly  necesdary  to 
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point  out  how,  Bs  thia  scientific  taste  iocreases,  persons  vill  be  more 
inclined  to  join  societies  of  a  scientific  nature.  The  practical 
question  then  arises  how  this  taste  can  be  increased  ? 

At  a  former  period  I  had  tiie  faith  which  many  others  hadin  the 
efficacy  of  mechanics'  institutes.  But  having  had  some  experience 
of  the  working  of  these  institutions,  I  am  now  satisfied  that  popu- 
lar lectures  do  very  little  else  than  afford  amusement, — though  in 
that  respect  they  are  not  altogether  useless.  But  if  they  are  to 
give  instruction,  and  promote  b&bits  of  observation,  or  a  taste  for 
scientific  pursuits,  they  must  inculcate  and  administer  the  hard 
discipline  of  personal  study.  Accordingly,  many  mechanics'  insti- 
tutes have  established  classes  for  different  brnnohee  of  study,  and 
with  much  advantage. 

I  confess,  however,  thati  have  more  fuith  in  the  instruction  which 
begins  at  au  earlier  period  of  life  than  can  be  conveniently  given 
at  mechanics'  institutes.  I  have  seen  that  boys  even  under  four- 
teen or  fifteen  years  of  age  may  acquire  a  taste  for  scientific  pursuits, 
and  habits  of  accurate  observation — ^very  serviceable,  in  whatever 
field  of  nseful  imluatry  they  may  afterwards  engage.  No  interfer- 
ence with  essential  branches  of  study  would  be  necessaiy.  In  our 
Bcoltisb  parish  schools,  the  time  now  spent  in  teaching  French 
and  German*  to  the  children  of  the  working  classes,  would  perhaps 
bo  more  usefully  spent  in  teaching  the  elements  of  physiology, 
botany,  chemistry,  or  geology ;  and  as  it  is  now  the  general  prac- 
tice in  all  primary  schools  to  have  an  entire  holiday  on  Saturday, 
that  day  of  idleness  or  mischief  would  be  more  beneficially  spent 
in  a  walk  ainng  the  sea  coast,  or  up  a  bill  side,  or  through  a  rocky 
ilell,  or  even  along  hedges  and  ditches,  accompanied  by  a  master 
competent  to  point  out  objects  of  interest.  Who  can  doubt  that 
in  the  course  of  such  ramblea,  aided  by  a  small  amount  of  indoor 
instruction,  seed  wonld  be  sown  in  many  a  boy's  mind- and  disposi- 
tion, which  would  bear  good  fruit  of  a  scientific  kind  in  after  years. 
I  am  glad  to  be  able  to  say,  that  I  know  of  several  parish  schools  in 
East  Lothian  and  in  Perthshire,  where  the  masters,  having  them- 
selves a  turn  for  science,  have  a  class  for  instruction  in  the  par- 
ticular branch  with  which  they  are  conversant.      In  oue  school, 

*  I  Bee  from  this  jear's  Education  Report,  thnt  in  Hie  parochial  sell nnis, 
lliG  unmher  Iparning  these  lan^agoa  ia  2600. 
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chemical  experitDentB  are  made  once  or  twice  in  the  month.  Id 
another  scliool,  the  teacher  baa  a  telescope,  through  vrbicfa  he  shows 
to  the  oUer  boys  of  hie  Bchool  the  moon  and  larger  planete.  Id 
another  school,  a  small  collection  of  specimens  has  been  formed  to 
illustrate  the  rocks  aod  minerals  of  the  neighbourhood.  The  chief 
drawback  in  this  matter,  nest  to  the  want  of  teachers  competent 
and  well-disposed,  has  been  the  want  of  snitable  text-books.  Bot 
I  am  glad  to  find  from  the  Secretary  of  the  Ednoation  Committee, 
that  this  last  drawback  is  being  lemOTed,  as  he  has  himself  been 
preparing  Elementary  Science  School  Books,  with  the  assistance  of 
Professor  Kelland,  Professor  Balfour,  Mr  Archer,  Mr  Geikie,  and 
other  eminent  ocientilic  men. 

Whilst  on  the  subject  of  scientific  instruction  in  schools,  I  can- 
not avoid  referring  to  the  very  gratifying  encouragement  given  by 
the  Government  Department  at  South  Kensington.  That  f  ncoui^;e- 
ment  is  very  considerable,  consieting  not  only  of  money  rewards  to 
pupils  and  teachers,  hut  aleo  of  apparatus  and  books  to  schools. 
It  is  already  producing  fruit ;  for  whilst  lust  year,  the  number  of 
Bcbools  in  Scotland  which  received  tliese  Government  gnuts 
amounted  to  24,  this  year  they  are  45,  being  an  increase  of  nearly 
100  per  cent. 

Therefore,  as  these  science  and  art  claosefl  in  schools  are  multi- 
plying, a  taste  for  science  will  no  doubt  quickly  germinate  among 
the  working  and  middle  clageee,  thus  supplying  candidates  in 
greater  numbers  for  scientific  pursuits  and  scientific  societies.* 

2.  The  foregoing  remarks  apply  to  the  aids  given  indirtetls  to 
societies.  I  next  notice  the  amount  of  aid  given  directly  by  the 
State. 

Here  it  is  proper  to  distinguish  the  aid  given  to  science  classes 
in  schools,  fnim  the  aid  given  to  scientific  societies.    In  the  former 

■  Since  this  oddreu  was  delivered,  I  see  (Nalmi,  Dec.  22,  18T0)  that  on 
nddreas  has  been  presented  b;  the  President  of  tbe  British  Assodatiou  for 
the  AdTsncemeut  of  Science,  supported  b;  the  oQce-beuers  and  an  Influen- 
tial deputation,  comprah ending  Sir  Charles  Ljell,  Sir  John  Lubbock,  Dr 
Lyon  Plarfait,  and  Hr  Fraucis  Otiltou,— to  the  Vice-President  of  tbe  Ptitj 
Council  Comtnittee  on  Education,  pointing  out  the  eipediencj  of  authorising. 
in  the  new  national  elomentary  schools,  syaiematic  instruction  in  elementarj 
Mience,  ia  »  to  create  a,  taste  among  tbe  pnpili>.  wlierebj  thej  may  be  in- 
duced to  follow  out  scientific  studies  in  the  more  advanced  schoals. 
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case,  aid  is  given  for  iiislruction  in  ftictB  atid  principles  wbicb  are 
already  known.  In  the  latter  case,  aid  is  given  for  searching  new 
facte  and  new  principles.  It  is  very  evident  that  the  latter  object 
in  all  important,  if  any  advances  in  knowledge  are  to  be  made. 
Moreover,  it  is  an  object  which  needs  more  help  from  external 
sources.  The  student  who  obtains  technical  knowledge,  or  the  know- 
ledge which  fits  him- for  a  profitable  trade  or  profession,  may  not 
unfairly  be  left  to  pay  the  expense  of  bis  instruction,  in  considera- 
tion of  the  gains  which  that  trade  or  profession  will  bring  to  him. 
With  an  investigator  of  scientific  phenomena,  who  hopes  to  dis- 
cover some  new  principle,  the  case  is  widely  di&'erent.  As  his 
impelling  motive  is  not  the  prospect  of  gain,  so  in  nine  cases  ont 
of  ten  the  original  discoverer  of  a  new  law,  or  a  new  principle,  or  a 
new  product,  is  not  the  man  who  ever  benelilB  by  it  in  a  pecuniary 
sense.  Whilst  he  sows  the  seed,  others  reap  the  fruit,  and  yet,  to 
procure  the  seed,  probably  much  capital  had  to  be  spent  and  years 
of  study  endured,  at  the  sacrifice  of  both  health  and  fortune. 
Therefore  the  man  who  devotes  bis  time  to  the  discovery  of  new 
truths,  and  who  bravely  adheres  to  that  pursuit  in  spite  of  diffi- 
culties and  emharrassments,  is  surely  a  man  standing  in  more 
need  of  help  and  encouragement  than  the  engineer  or  artisan 
or  mechanic  who  is  receiving  instruction  which  will  enable  him 
to  follow  a  profitable  profession.  If  the  latter  deserves  assistance 
from  the  State,  much  more  should  the  former.  These  investiga- 
tors of  science  are  the  men  of  whom  a  country,  when  it  possesses 
them,  should  be  proud ;  and  it  would  be  a  bad  sign  of  the  age  if 
such  men  did  not  exist,  or  if  no  interest  was  felt  about  them. 
When  ancient  Rome  was  becoming  degenerate,  the  question  was 
significantly  asked — "  Quis  nunc  virtuLem  amplectitur,  preemia 
si  tollas?"  So  also  it  would  be  a  sign  of  the  degeneracy  of  a 
people,  were  no  one  to  embrace  science,  except  from  the  hope 
of  profit ;  and  it  would  be  equally  a  sign  of  a  degenerate  Govern- 
ment, if  it  refused  to  encourage  men  of  science  and  scientific 
sodeties. 

In  all  civilised  countries  such  encouragement  is  given  in  a 
greater  or  less  degree,  and  in  one  form  or  another.  Whether  the 
amount  of  the  encouragement  given  by  the  British  Government 
is  sufiicient.  is  a  point  on  which  1  at  present  offer  no  opinion. 
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Bat  one  tbiug  is  obvioue,  viz.,  that  whatever  were  tbe  difficultiei 
whicb,  thirty  or  forty  years  ago,  JDveetigatoTe  of  new  facts  and 
new  piinciplea  had  to  encounter,  these  difficulties  are  tenfold 
giealer  now,  and  therefore  help  to  oveiconie  these  difficulties 
ought  DOW  to  be  more  ample.  The  first  discovericB  in  all  the 
Hciencea  were  made  by  methods  and  proceaaes  far  moie  simple 
than  are  now  serviceable.  The  firet  steps  ia  aetroDomy  wei$ 
made  by  the  human  eye  alone.  After  all  tbe  knowledge  was 
collected,  which  the  unaided  eye  could  supply,  the  nest  advances 
iu  the  science  were  made  by  telescopes — telescopes  simple  and 
rude  at  first,  but  soon  supenaded  by  others  of  greater  aize  and 
more  accurate  coustruction,  so  aa  to  admit  of  a  fartber  peae- 
tratioD  into  the  depths  of  ethereal  apace,  and  a  more  miiinte 
examiuatioD  of  the  moTementa  and  furma  of  the  planetary  bodies. 
When  an^  eclipse  of  the  aun  has  to  be  observed,  the  only  way  of 
now  proceeding  ia,  besides  employing  highly  improved  telescopes, 
to  have  also  the  apectroacope,  the  polarigcope,  and  photographic 
apparatus ;-  and,  in  order  to  use  theiie  instruments  to  tbe  best 
advantage,  large  parties  of  observers  must  co-operate,  and,  at 
a  great  aacrifice  of  time  tuid  money,  repair  to  favourable  and 
probably  remote  spots  on  the  eartli's  surface.  So  it  is  with  all  tbe 
other  sciences.  To  enable  a  chemist  to  make  diacoveries  now  in 
his  science,  he  must  have  apparatus  and  inatrumenta  ten  times 
mure  numerous  and  expensive  than  those  with  which  chemists 
formerly  worked.  The  botanical  pbyaiologiat  can  make  no  fartber 
advances,  except  by  means  of  powerful  microacopes,  which  to  his 
predecessor  were  unknown.  For  progress  in  meteorology,  obaer- 
vatioQH  by  individuala,  in  a  few  diatricls  once  or  twice  a  day,  nre 
no  longer  of  much  avail.  There  must  be  a  complete  network  of 
o'lServationa  made  over  large  portions  of  tbe  earth's  surface  — 
atid  at  least  three  or  four  times  in  the  twenty-four  hours.  Tbei« 
must  be  selT- recording  instruments  in  particular  districts,  besides 
oocHsional  ascents  in  a  balloon.  In  short,  there  is  no  one  science 
which  can  now  be  advanced  by  tbe  same  simple  means  which  were 
available  formerly.  Science  would  stand  still  if  improved  methods 
were  Dot  resorted  to.  The  difficulties,  therefore,  whicb  men  of 
science  and  scientiGc  societies  have  to  eocouDter  Id  theii  researches 
are  far  greater  than  formerly,  and  what  may  have  been  a  suflicieiit 
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amouDt  of  aid  und  eni^ourugeiueDt  to  them  twenty  »r  thirty  yearn 
ago  U  now  inaaireBtly  quitt:  inadequate. 

Another  obatttcle  in  tite  way  of  farther  discovery  must  not  be 
overlookeil.  A  great  proportion  of  the  pbilosopiiers  who  eearch 
after  new  truths  and  now  piincijiles  ore  teacheis,  whose  income  as 
Huch  aloDe  enables  tbera  to  obtain  the  means,  scanty  and  precarions 
as  it  is,  of  prosecuting  original  investigations.  Bat  as  know- 
ledge advances,  the  labours  of  instrnction  increase; — and  if  the 
teacher  does  his  duty  in  that  capacity  very  little  time  is  left  to 
allow  of  eitranaous  i  uvea  ligations.  Tet  tlieae  piisons  are  often 
better  qualified  to  be  investigators  of  new  trutlis,  than  teachers  of 
old  truths.  I  have  in  my  own  experience  met  with  professors  in 
oar  universities  whose  occupation  in  the  work  of 'teaching  deprived 
science  of  those  who  most  probably  would  have  been  iaslriimental 
in  making  great  discoveries. 

The  circumstani  es  to  which  I  have  been  adverting,  as  obstacles 
lo  the  future  advancement  of  science,  were  felt  to  be  so  serious, 
that  two  years  ago  they  engaged  the  attention  of  the  British  Asso- 
ciation— an  association  whose  chief  object  it  is  "  to  give  a  stronger 
impulse  and  more  systematic  direction  to  scientific  inquiry,"  and 
"to  remove  any  disadvantages  of  a  public  kind  which  impede  its 
progress."  The  view  submitted  to  the  Association  by  those  who 
brought  the  subject  before  it  was,  that  as  there  are  institutions  for 
teaching  old  tmths,  so  ihereongbt  tobe  institutions  for  discovering 
new  truths,  and  that,  us  this  last  work  had  now  become  so  difficult 
anci  costly,  that  few  individuals  could  enter  on  it  from  their  own 
resources,  the  State — which,  on  behalf  of  the  great  interests  of  the 
country,  is  interested  to  encourage  discoveries  and  investigations — 
ought  to  come  forward  and  establish  institutions,  in  which  men 
with  an  aptitude  for  original  investigations  might  have  facilities  for 
carrying  them  on,  without  being  distracted  by  any  other  vocation. 

The  British  Association  so  far  entered  into  these  views  as  to 
appoint  a  committee,  consisting  of  some  of  its  most  eminent  and 
influential  members,  and  the  two  following  questions  were  put  to 
the  committee  for  consideration : — 

"  (1.)  Does  there  esiet  in  the  United  Kingdom  of  Great  Britain 
and  Ireland  sufficient  provision  for  the  vigorous  prosecution  of 
physical  research  ? 
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"(2.)  If  not,  what  further  proviflion  is  needed,  and  what  measiireB 
Bhonld  be  taken  to  secure  it?" 

At  the  meetiDg  of  the  Association  in  1869  that  committee 
reiiorted — 

"(1.)  That  the  proTision  now  existing  in  the  United  Eingdoni 
of  Great  Britain  and  Ireland  is  far  from  sufficient  for  the  Tigorons 
prosecution  of  physical  research. 

"(2.)  That,  whilst  greatly  increased  facilities  for  extending  and 
systematising  {ihysical  research  are  required,  your  committee  do 
not  consider  it  expedient  that  they  should  attempt  to  define  bow 
these  facilities  should  be  provided." 

In  explanation  of  this  last  finding,  the  committee  obsened 
that^ 

"  An;  Bcheue  of  Bcientific  nztensiaii  should  be  based  ou  «  full  and  accnrato 
kDowledge  of  the  amount  of  aid  now  given  to  science,  of  the  Bourcas  from 
which  that  aid  is  derived,  and  of  the  functions  performeil  hj  indiiidnaU  and 
inatitutiong  recelTiug  such  aid.  Toui  commiltee  have  found  it  impossible, 
with  the  means  and  powers  at  thsir  command,  lo  acquire  this  Irnowledge. 
lloieover,  as  the  whole  question  of  the  relation  of  the  State  to  science,  at  pre- 
sent in  a  Terf  unsettled  and  nnsatiafsclor;  position,  is  involved,  tbej  urge 
that  a  Boja]  Commigsron  alone  is  competent  to  deal  witli  the  subject." 

The  Association  approved  of  this  report,  and  appointed  applica- 
tion to  be  made  to  her  Uajesty's  Government  to  appoint  a  Boyal 
Commission  to  consider  the  whole  subject.  This  application  was 
successful ;  for,  in  May  1870,  the  GazetU  announced  the  names  of 
nine  Commissioners,  with  power  "  lo  make  inquiry  with  regard  to 
Scientific  Instruction  and  the  Advancement  of  Science,  and  to 
inquire  what  aid  thereto  ie  derived  from  grants  voted  by  Parlia- 
ment, or  from  endowments  belonging  to  the  several  Universities 
in  Great  Britain  and  Ireland,  and  the^^olleges  thereof,  and  whether 
such  aid  could  be  rendered  in  a  manner  more  effectual  for  the  pur- 
pose." 

The  importance  of  this  measure  I  need  not  dwellnpon.  The 
backwardness  of  the  British  Government  to  aid  institutions  and 
individuals  devoted  to  scientific  investigations,  and  the  miserable 
amount  of  any  pittances  conceded  to  them,  affect  the  credit  and 
prosperity  of  the  country  quite  as  much  as  the  interests  of  science. 
Great  Britain,  whose  in&uence  in  the  world  depends  almost  more 
on  moral  than  on  physical  power,  ought  not  lo  be  behind  other 
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nations  in  its  patronage  of  ecience.  Tet  what  has  happened  within 
the  last  six  weeks?  A  remarkable  eclipee  of  the  snn,  to  take  place 
on  the  22d  of  tliis  month,  had  been  louk«d  forward  to  b;  astro- 
nomere  aa  affording  an  excellent  opportunity  for  Bolving  many 
important  questions  regarding  the  constitution  of  that  great  oih 
on  which  all  living  things  in  our  planet,  and  in  other  planets  also, 
depend;  hut,  for  the  proper  observation  of  which  eclipse,  expedi- 
tions were  necessary,  requiring  much  previous  preparation  and 
great  expense.  The  United  States  Government,  even  eight 
months  ago,  began  preparations,  a  sum  of  L.6400  having  been 
unanimously  voted  by  Congress,*  and  a  (rovemment  officer 
despatched  to  visit  Spain  and  Sicily,  to  find  proper  places  of 
observation,  and  to  make  suitable  arrangements  for  the  recep 
tion  of  a  party  of  astronomers.  A  ship  of  the  United  States 
navy  was  appointed  to  convey  them,  accompanied  by  two  eminent 
engineer  officers,  representing  the  Government,  to  take  a  geneial 
charge. 

In  England  what  were  the  arrangements  for  this  interesting 
aetronomicol  phenomenon  7  Early  last  spring,  on  the  suggestion 
of  the  Astronomer  Royal,  a  committee  was  formed,  consisting  of 
himself  and  the  Presidents  of  the  Royal  Astronomical  Society, 
and  of  the  Royal  Society  of  London,  to  organise  an  expedition.  A 
party  of  astronomers  soon  volunteered,  about  sixty  in  number, 
who  were  to  be  divided  into  two  parties,  one  for  Spain  and  another 
for  Sicily,  each  subdivided  into  sections,  to  make  different  kinds 
of  observations,  witb  suitable  instruments.  As  total  obecumtion 
would  last  only  two  minutes,  the  more  that  the  work  could  be 

*  The  following  appropriationa,  under  Iha  head  of  Attrononif  and  Hel«ora- 
logy,  weis  muie  by  CongresB.  aa  given  in  "  Walurt,"  Jan.  26,  ISTl : — 
ObBervationB  of  Eclipae,  Dec.  1870,  under  Coatt  Surrey,  29,000  dols. 

U.  a.  KftQticttl  Almanac 20,000    „ 

National  ObBervatory,     .  .  ;  .  .     19.800    ,. 

New  Telescope  for  do ,  .  .  .  .     60,000    „ 

TelGgraphic  Notices  of  Storms,  .  .  .    60,000    „ 

In  the  same  CoogresB  there  were  additional  approprialions  to  the  amonnt  of 
no  leu  than  1,ST7,T66  dollars,  for  the  anpport  of  MuBeDma,  Botanic  Gardens, 
Mining  Statistics,  Polar  Eiplorations,  Survoys,  and  other  objects  of  a  scien- 
tific nature.  These  appropriatious,  be  it  observed,  were  by  the  Federal 
Oovemment.  Similar  appropriations,  but  larger  altogether  in  amount,  ara 
made  by  the  different  States  in  aid  of  their  own  societies. 
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distributed  auioDg  diffet^nt  obtiervers  the  better.  The  Committee 
bad  entertained  no  doubt  that  her  Majeety'e  GoveniRient  would 
give  ready,  if  not  liberal,  aBsiatatice.  On  tlie  last  occasion  of  a 
Bolar  eclipse—Tis.,  in  1868 — several  European  GoTemmeate  sent 
expeditions  to  India,  wliere  it  could  best  be  viewed.  Oura  gave 
the  use  of  a  ship,  besides  appointing  officers,  and  paying  eipeneee. 
But  when  the  committee,  last  summer,  applied  to  the  Admiralty 
to  ascertain  if  one  of  her  Majesty's  ships  vould  be  allowed  to 
convey  the  English  astronomers,  the  answer  they  received  whs  that 
Parliament  had  not  placed  either  ships  or  funds  at  the  disposal 
of  the  Admiralty  for  any  such  puipose.  This  was  a  rebuff  little 
anticipated;  and,  I  may  add,  little  deserved  by  those  of  our 
countrymen,  who,  in  a  noble  spirit  of  disinterestedness,  had  offered 
to  give  up  their  time,  and  leave  their  homes,  to  undergo  fatigue 
and  risk  in  the  cause  of  science.  In  consequence  of  this  ansaer 
some  delay  arose,  to  consider  what  was  to  be  done.  An  appeal 
against  the  decision  of  the  Admiralty,  to  the  Premier  and  the 
Chancellor  of  the  Exchequer,  was  resolved  on.  Some  farther 
delay  occurred  in  consequence  of  the  absence  of  these  high 
functioneries  from  London.  Meanwhile,  the  United  States  ship 
arrived  in  England,  bringing  with  them  the  American  astronomers. 
They  soon  learnt  the  unsatisfactory  position  of  the  negotiation 
with  our  Government;  and,  in  consequence  of  it,  they  sent  a 
formal  invitation  through  their  director,  inviting  the  English 
astronomers  to  accompany  them  in  their  ship  to  Spain  and  Sicily. 
This  letter  was  published  in  the  London  newspapers;  and  severe 
comments  were  made  by  the  press  on  our  executive,  if  they  should 
oblige  the  English  party  to  avai}  themselves  oF  the  invitation,  and 
he  beholden  to  a  foreign  Government  fur  assistance.  Fortunately 
for  the  credit  of  the  country,  our  Government  at  length  yielded  to 
the  pressure.  A  sum  of  L.3000  was  agreed  to  be  set  apart  to  pay 
expenses,  and  a  troop  ship  was  appointed  to  convey  the  party  and 
their  instruments.  But  no  Government  astronomer  received 
authority  to  accompany  the  expedition,  and  no  engineer  officer,  or 
other  officinl  representing  the  Government,  was  appointed  to  take 
charge  of  the  expedition,  and  give  assistance.  In  all  these 
respects  the  British  Government  fell  far  short  of  what  had  been 
done  by  the  United  States  Government,  to  aid  in  the  cause. 
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I  have  related  thus  fully  ibe  circumstancee  connected  with  this 
Solar  Eclipie  Expedition,  because  it  baa  occnired  recently,  and 
tberefore  shows  too  plainly  tbe  indifference  to  science,  and  to  men 
of  seience,  which  actuates  those  who  manage  tlie  affairs  of  this 
country.  It  is,  however,  a  charge  which  unfortunately  does  not 
lie  at  the  door  of  the  preeent  executive  alone.  The  same  indif- 
ference has  been  too  clearly  manifested  by  almost  all  preceding 
Governments.  Unmistakable  evidence  of  this  indifference  is 
afforded  by  tbe  treatment  of  the  societies  and  associations  formed 
lor  tbe  advancement  of  science.  What  aid  is  given  to  any  of 
these?  The  only  part  of  the  United  Kingdom  in  tvhich  such  aid 
is  liberally  given  is  in  Ireland.*  Except  to  the  Academy  of 
Husio  in  London,  which  receives  annually  a  grant  of  L.500,  I 
know  of  no  Society  of  a  scientific  character,  either  in  England  or 
in  Scotland,  which  receives  any  grant  to  carry  out  its  special 
objects.  The  only  patronage  to  English  scientific  societies  con- 
sists in  the  free  use  of  Government  apartments  in  London  to  seven 
of  these  societies,  and  tbe  free  ase  of  Government  apartments 
in  Edinburgh  to  two  Scotch  societies — viz.,  the  Royal  Society  and 
the  Society  of  Antiquaiies.f  There  is  another  society  which  has 
been  very  kindly  allowed  to  occupy  two  small  apartments  in  tbe 
General  Post-Office  Buildings;  but  for  the  use  of  these  a  rent  is 
exacted ;  and,  moreover,  from  this  society  statistical  information 
is  obtained  by  Government,  for  which,  however.  Government  does 
not  pay,  and  declines  to  pay. 

This  illiberal  feature  of  the  British  Government  in  not  aiding 
voluntary  associations  for  scientific  objects,  is  the  more  remark- 
able considering  the  principle  which  our  Government  adopts  for 

*  In  DubUu  ttiere  are  eii  Bocieties.  two  of  which  ore  for  the  SDConrage- 
ment  of  the  fine  arte,  particulArly  painting,  wliich  receive  ahont  L.1S,000 
yearly,  to  enable  them  to  carry  out  theii  epeciat  objects  and  to  keep  their 
boildiugs  in  repair.  (See  Report  of  Royal  Commiasionen  on  AM  given  to 
Irish  Societieg,  presented  to  Parliament  in  18t!9.) 

f-  The  Rdynl  Society  of  Edinbnrcli  has,  aince  tba  year  1886,  received  from 
the  Eicbeqnar  a  yearly  sum  of  L.SOO  to  enable  them  to  pay  rent,  taxes,  sod 
maiatenance  of  the  apartmente  they  occupy.  The  rent  charged  by  Oovem- 
ment  for  these  apartments  is  L.260.  Tbe  Society  of  Antiqnarie«  receives 
L.SOO,  which  ii  all  aj^ied  to  pay  the  officers  who  ttike  charge  of  tbe  Moseam, 
and  tlie  necessary  repain  and  cleaning.  The  Museum  belongi  to  the 
Ooverameiil. 
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olher  assDciationB  haviiig  objects  not  more  beneficial  to  the  public. 
The  principle  is,  that  when  funds  are  voluntarily  supplied  from 
local  BourccB,  the  State  supplementB  these  by  an  addition  of  as  much 
money  from  the  Exchequer.  The  local  BubscriptionB  are  justly 
taken  as  evidence  that  the  objects  are  praiseworthy,  and  that  they 
are  appTeciated  by  the  community  ;  whilst  any  risk  of  misappljca- 
tion  or  mismanagement  is  avoided  by  an  annual  report  to  Govern- 
ment. This  principle  has  been  applied  to  schools  and  various 
other  educational  institutions,  to  volunteei  corps,  to  county  con- 
stabulary, &c. 

Whilst  pointing  out  the  illiberal,  short-High  ted,  and  inconsistent 
policy  of  the  British  Government  in  not  assisting  scientific  socie- 
ties with  pecuniary  grants  to  aid  them,  it  would  be  wrong  in  me 
not  to  take  grateful  notice  of  a  parliamentary  grant  of  LilOOO  a 
year  given  to  encourage  scientific  investigations  carried  on  any- 
where in  the  United  Kingdom  or  colonies  of  Great  Bntain.  Of 
this  grant  I  could  find  no  authentic  account  in  any  publication. 
General  rumour  only  was  my  authority  for  believing  that  such  a 
grant  existed,  and  that  it  was  at  the  disposal  of  the  Royal  Society 
of  London.  On  my  speakjng  to'Professor  Balfour  on  the  subject,  I 
found  that  he  could  give  me  no  information,  but  he  kindly  under- 
took to  apply  to  Di  Sharpey,  the  secretary  of  the  Boyal  Society  of 
London.  Dr  Sharpey  at  once  responded,  by  sending  a  memoran- 
dum explanatory  of  the  grant — a  memorandum  which  appears  to 
me  of  sufficient  importance  to  be  now  laid  before  our  Society  : — 

'  Mehokahduu  OS  to  the  '  Government  Grant '  placed  annually  at 
the  disposal  of  the  Royal  Society.— Nov.  30,  1870. 

"In  1849  the  First  Lord  of  the  Treasury  (Lord  John  Russell) 
offered,  on  the  part  of  the  Government,  to  place  L.IOOO  at  the  dis- 
posal of  the  Royal  Society,  to  be  by  tbem  applied  towards  the 
advancement  of  science. 

"  This  offer  was  accepted.  The  first  payment  was  made  in  1850, 
and  it  has  been  repeated  annually  up  to  the  present  time.  Up  to 
1855  the  grant  was  paid  from  a  special  fund  at  the  disposal  of  the 
Treasury,  but  since  then  it  has  been  annually  voted  by  Parliament. 

"  The  Council  of  the  Royal  Society  consider  the  grant  as  a  con- 
tribution on  the  part  of  the  nation  towards  the  promotion  of  science 
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geDerallj  in  her  Majesty's  dommious,  regaidiug  tbemselvee  as 
trustees  of  the  grant,  and  accountable  to  the  public  for  its  due 
admin ietration,  as  long  as  it  shall  be  continued. 

"  To  aid  tbe  Coancil  in  the  distribution  of  the  fund,  a  committeo 
is  annually  appointed,  consisting  of  tbe  21  members  of  the  Coun- 
cil and  21  Fellows  of  tbe  Society  not  on  tbe  Council,  selected  on 
account  of  their  acquaintance  with  the  different  branches  of  science 
which  the  Society  cultivates.  All  applications  for  grants  from  the 
fund  are  submitted  to  this  committee,  and  the  appiopriations  are 
made  by  tbe  Council  on  the  committee's  recommendation. 

"  The  grants  ore  commonly  made  to  individuals  engaged  in 
some  definite  scieotific  investigation,  chiefly  to  meet  the  expense 
of  apparatus  and  materials,  and  not  as  remuneratioD  for  time  or 
labour  bestowed' by  the  inquirer.  To  a  less  estent  appropriations 
have  been  mode  for  like  purposes  to  scientific  institutions,  and, 
more  rarely,  to  aid  in  the  publication  of  valuable  scientific  resuhs. 

"  The  distribution  of  the  fund  is  not  restricted  to  Fellows  of  tbe 
Roj'al  Society,  nor  have  tbey  any  privilege  in  regard  to  it ;  men 
of  science,  nbether  belonging  to  the  Society  or  not,  and  where- 
ever  tbey  may  carry  on  their  researches,  in  this  country  or  the 
colonies,  have  an  equal  title  to  participate,  and  their  claims  have 
been  in  all  cases  equally  recognised. 

"  No  part  of  the  fund  is  applied  towards  the  expenses  of  the 
Soyal  Society,  and  the  Society  neither  aeks  nor  would  accept  any 
remuneration  for  its  stewardship. 

"  It  is  to  be  noted  that,  in  1864,  the  Council,  finding  that  the 
unappropriated  balance,  together  with  other  funds  at  their  dis- 
posal, would  meet  the  probable  demands  for  scientific  objects, 
repaid  the  grant  of  that  year  into  tbe  Exchequer. 

"  A  return  was  made  to  Parliament  in  1855,  staling  the  appli- 
cation of  the  fund  for  tbe  five  years  ending  Stb  April  1855.  This 
statement  will  be  found  printed  in  the  '  Proceedings  of  the  Boyal 
Society,'  vol.  vii.  page  512.  A  second  return  was  made  in  1862, 
showing  the  distribution  of  tbe  fund  from  1855  to  1862.  No 
later  return  baa  been  called  for,  although  the  Council  would  be 
glad  to  make  it  if  ordered. 

"It  is  proposed  hereafter  to  publish  an  annual  statement  of 
tbe  disposal  of  the  grant  in  the  Proceedings.  W.  S." 

VOL.  vii.  2  «-, 
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Dr  Sbarpey,  beeides  drawiog  out  Ibe  foiegoiog  memoranduin, 
exploiniiig  the  origin  and  objects  of  Ibis  parliamentary  giant,  bas 
been  so  obliging  as  to  send  two  printed  returns,  giving  for  tbe  first 
twelve  years  tbe  names  of  tbe  persons  who  have  shared  in  the 
grant,  and  the  nature  of  the  researches  aided.  Besides  these  re- 
turns (to  Parliament),  he  has  sent  a  statement — apparently  not  yet 
published — conlaining  similar  information  for  the  years  1869  and 
1870.  For  the  years  from  1862  to  1869,  no  information  is  giren, 
except  that  in  the  year  1864,  as  tbe  memorandum  mentions,  the 
remarkable  circnmstance  occnned,  of  tbe  Society  having  paid  back 
to  Government  the  L.IOOO,  in  consequence  of  there  being  no  claims 
on  it  which  could  not  be  otherwise  met. 

Now,  DO  one  who  looks  at  the  returns  showing  how  these  annual 
grants  were  espended,  will  question  the  judicious  and  impartial 
manner  in  which  they  have  heen  administered.  I  would,  however, 
venture  to  remark,  that  as  the  grant  was  intended  to  assist  scien- 
tific researches  in  all  parts  of  her  Majesty's  dominions,  colonies 
included,  some  means  should  have  heen  taken  to  moke  the  exist- 
ence and  the  ohjects  of  tbe  grant  publicly  known.-  I'he  grant 
would,  of  course,  be  known  to  the  Fellows  of  tbe  Boy&l  Society  of 
London,  but  it  has  remained  ever  since  its  institution,  now  twenty 
years  ago,  generally  unknown  to  men  of  science,  and  especially  to 
persons  resident  in  Scotland  and  Ireland.  It  is  therefore  not 
surprising  that,  in  tbe  year  1864,  there  being  no  demands  on  the 
grant,  it  had  to  be  paid  bock  to  Groveinment ;  and  that  out  of  the 
L.14,000  embraced  by  the  returns,  no  more  than  L.610  should  have 
been  expended  on  researches  in  Scotland.  The  great  part  of  these 
researches  was  made  by  two  individuals,  both  of  them  Fellows  of 
the  Royal  Society  of  London. 

It  appears  to  me  that,  so  far  as  the  interests  of  science  in  Scot- 
land are  concerned,  these  interests,  if  intended  to  be  aided  by  a 
pecuniary  grant  from  the  State,  would  he  better  promoted  were 
tbe  grant  administered  by  a  auitahle  board  in  Scotland,  instead 
of  by  one  in  London.  Any  researches  and  experiments  carried 
on  in  Scotland,  and  the  scientific  character  of  the  men  who  carry 
them  on,  must  surely  be  better  known  in  Edinburgh  than  in  Lon- 
don. Limited  as  are  ray  own  opportunities  of  knowing  of  such 
researches  and  experiments,  I  may  refer  to  some  on  the  difficult 
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and  important  subject  of  ozone,  wbicb,  after  being  carried  on  for 
Bome  time  in  the  Edinburgh  Botanic  Garden  laet  year,*  had  to 
be  discontioaed  on  account  of  the  want  of  apparatus  and  inslm- 
ments  whioh  those  who  instituted  them  had  do  means  of  paying 
for.t 

I  certainly  do  not  wish,  however,  that  the  graut  of  L.IOOO, 
which  is  at  the  disposal  of  the  Boyal  Society  of  London,  should 
be  split  up,  so  that  a  part  of  it  ma;  be  administered  to  a  Scotch 
Society,  if  the  London  Royal  Society  think  that  they  can  apply 
it  all  usefully  in  England.  All  that  I  contend  for  is,  that  when 
parliamentary  grants  ore  voted  for  aiding  BcientiGc  researches 
ihroughonl  the  United  Kingdom,  it  is  not  a  judicions  arrangement 
for  the  object  in  view  to  place  these  grants  at  the  exclusive  dis- 
posal of  a  society  in  London,  when  there  are  societies  in  Scotland 
and  in  Ireland  competent  to  be  intrusted  with  the  duty.  A  com* 
mittee  of  the  Boyal  Society  of  London  are  also  intrusted  with 
the  administration  of  the  still  larger  parliamentary  grant  of 
L.10,000  a  year  for  meteorological  purposes,— a  considerable  part 
of  which  grant  is  devoted  to  the  obtaining  uf  meteorological  re- 
turns from  Scotland,  and  of  establishing  self-recording  inslru- 
ments  in  Scotland,  besides,  upholding  other  stations.  Our  own 
Boyal  Society  has  from  time  to  time  done  a  good  deal  to  pro- 
mote meteorology  in  Scotland, — Sir  David  BrewBter,  Sir  Thomas 
M.  Brisbane,  and  Principal  Forbes,  having  been  distiDgiiisbed 
meteorologists,  and  published  largely  in  our  Transactions.  There 
is  also  a  society  in  Scotland  specially  devoted  to  that  science, 
which  is  allowed  to  be  doing  useful  work.  Yet  neither  society  has 
any  voice  in  the  administration  of  that  large  grant  of  L.10,000  a 
year. 

Whilst  as  regards  the  interests  of  science  it  seems  more  expe- 

*  See  an  account  of  these  experiments  in  the  "  Jonmftl  of  the  ScotlJah 
Meterological  Society  "  for  Jannary  1869. 

t  The  test  papers  for  oione  indtcatioDe  are  affected  by  the  varying  force  of 
njud,  M  also  by  the  raryiug  humidity  of  the  atmosphere,  insomuch  thai  at 
several  Obaerratories  ozone  obBerrationa  have  been  diBcon tinned.  When  I 
waa  at  Bome  last  winter,  Padre  Seccbi  told  me  be  had  ceased  to  take  notice 
of  ozone  for  these  reaaona.  uot  having  been  able  to  deviae  any  method  for 
eliDiioating  the  effecta  of  wind  and  moiatore.  The  object  of  the  experiments 
ID  tlie  Edinburgh  Botanic  Garden  was  to  coualruct  an  apparatoa  nhich  should 
allow  only  dry  air  to  reach  the  teal  papers,  and  in  crrlain  quantities. 
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dient  that  the  board  intniBted  with  the  expenditure  in  Scotland 
should  he  in  Gdioburgh  rather  than  in  London,  is  it  not  abo  a  slur 
on  Scotch  scientific  societies  that  they  should  be  altogether  ignored, 
and  a  London  society  selected,  as  if  the  former  were  unworthy, 
or  could  not  be  trusted  ? 

I  therefore  regret  this  Gystem  of  centralisation  in  London,  and 
cannot  help  thinking  that  our  Society  ought  not  bo  tacitly  to 
acquiesce  in  it.  In  one  of  his  addresses  from  this  chair,  Sir 
David  Brewster,  in  alluding  to  the  annual  grant  of  L.IOOO,  as  well 
as  the  two  royal  medals,  placed  at  the  disposal  of  the  Boyal 
Society  of  London,  expressed  bis  belief  "  that  an  earnest  repre- 
sentation made  to  the  Government  would  obtain  for  us  a  similar, 
though  probably  a  smaller  grant ;  "  and  it  humbly  appears  to  me 
that  such  a  representation  ought  to  be  mode  without  farther  delay. 

The  expediency  of  energetic  action  on  our  part  is  more  manifest 
because  of  a  proposal  made  lately  in  an  influential  quarter  to 
enlarge  the  amount  of  the  grant  to  the  Eoyal  Society  of  London. 
Professor  Balfour  Stewart  a  few  weeks  ago,  at  the  inauguration  of 
Owen's  College,  Iilattchester,  in  his  opening  address  there,  made 
the  following  remarks:— 

"  If  GoTerninent  be  diBpoaad  to  grant  pBouniary  aid  to  physical  leseaictea, 
an  oitenBion  of  the  allowance  made  anniially  to  the  QoTerninent  Grant  Com- 
mittee ef  the  Bofat  Society,  wonld  ba  a  very  legitimate  nay  of  accompliehing 
this  object.  No  one  can  doubt  that  the  small  sum  of  L.IOOO  anniiallj  intmsted 
by  Qoremment  to  that  Society  for  miaceltaneoaa  experiments  is  Bdministered 
in  a  praiaeworthy  manner ;  and  if  the  OoTemmeDt  would  be  ready  to  grant, 
and  the  Royal  Society  willing  to  undertake,  an  extension  of  this  trust,  it  would 
be  a  great  point  gained. "  " 

This  suggestion  will  no  doubt  obtain  consideration  from  the 
Boyal  Commissioners  appointed  to  report  whether  the  State  now 
gives  eiiongh  for  the  encouragement  of  science.  All  or  most  of 
these  commissioners  are  Fellows  of  the  Boyal  Society  of  London, 
and  two  of  them  are  ofBce-bearers  of  the  Society.  A  fairer  selec; 
tion  of  eminent  men  for  the  object  in  view  could  not  have  been 
made ;  and  though  none  of  them  are  Fellows  of  the  Boyal  Society 
of  Edinburgh,  I  am  sure  that  they  will  not  on  that  account  be  less 

*  Lieutenant-Colonel  Strange,  an  inflnential  member  of  the  British  Associa- 
tion, sends  a  letter  to  ■<  Naturt,"  Nov.  8,  1870,  in  which  he  adverts  to  Fro- 
feasor  Balfour  Stswart's  idea  of  enlargint;  the  grant  of  L.IOOO  administered 
by  the  Koyal  Society  of  London,  and  expreues  cordial  concorrence. 
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diaposed,  perhaps  the  more  dieposed,  to  liBten  to  aoy  lepresenta- 
tioD  which  we  may  lay  before  them. 

But,  apart  from  oar  own  interest  as  a  society  in  the  deliberationa 
of  these  Boyal  Commission  era,  I  entertain  a  very  saoguine  hope 
that  much  good  will  accrue  from  them.  The  very  concession  of  a 
C'ommiesioD  on  the  part  of  G-ovemment  seems  to  imply  a  convic- 
tion and  acknowledgment,  that  the  patronage  hitherto  given  in 
this  country  to  science  is  not  what  it  should  have  been,  and  that 
reform  in  this  respect  is  quite  as  much  needed  as  in  other  matters. 
We  have  heen  lately  confeaaing  our  shortcoming  as  regards 
national  schools,  and  are  endeavouring  to  remedy  these ;  but  we 
ought  not  to  be  satisfied  with  merely  teaching  old  truths  and  well- 
known  facts.  The  investigation  of  new  truths  and  new  facts,  and 
the  opening  out  of  new  pathways  in  the  wide  field  of  knowledge, 
are  also  necessary  if  we  are  to  help  in  extAnding  civilisation,  and 
if  we  are  to  uphold  our  position  in  the  family  of  nations.  It 
Bhould  DO  longer  be  left  to  the  chance  of  individuals  being  found 
to  carry  on,  from  their  own  reBources,  the  great  and  noble  work  of 
making  fresh  diacoveries  in  science  and  art.  That  work  is  worthy 
of  State  patronage,  as  it  also  more  than  ever  needs  State  aHsist- 
ance  ;  and  nnless  that  work  is  carried  on  enei^tically  and  success- 
fully, we  shall  lose  caste  as  an  enlightened  people,  and  see  the 
chief  sources  of  our  prosperity  and  power  dried  up. 

Therefore  I  look  forward,  with  no  small  anxiety,  to  the  report 
of  these  Boyal  GommisBioners.  But  I  confidently  anticipate  favour- 
able results ;  and  in  pointing  out  the  best  channels  through  which 
aid  to  science  from  the  State  may  flow,  I  have  no  doubt  that  our 
own  past  services,  and  our  present  efficiency  as  a  society,  will  not 
be  overlooked. 

In  these  expectations  I  may  possibly  be  over-sanguine,  and 
therefore  allow  me  to  add,  in  conclusion,  a  single  remark  as  to  our 
own  duty  in  this  matter : — As  a  society,  and  so  far  as  our  scanty 
funds  enable  ub,  we  will  continue  to  encourage  scientific  researches 
in  Scotland,  not  forgetting,  however,  that  we  have  also  literary 
objects ;  and  as  Fellows  of  the  Society, — a  Society  which  during  its 
time  has  done  much  in  the  cause  of  science,  and  something  too 
on  behalf  of  literature,  we  will  do  what  we  can  to  uphold  its  repu- 
tation, and  extend  its  influence  and  nsefnlDess. 
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The  following  Gentleman  was  elected  a  Fellow  of  the 

Society : — 

John  Auld,  Esq.,  W.B. 

Monday,  lUlk  December  1870, 

Dr  CHEISTISON,  President,  in  the  CLair. 

The  following  Communications  were  read : — 

1.  Additional  Kemarks  on   the  Theory  of  Capillary 
Attraction.    By  Edward  Sang,  Esq. 

2.    Lahoratory  Notes  ;    On  Thermo- Electricity. 
By  Professor  Tait. 

Id  a  paper  presented  to  the  Society  in  1667-8  I  deduced  from 
certain  hypothetical  conaideratione  regarding  Dissipation  of  Energy 
resnUB  connected  with  the  thermal  and  electric  condnctivity  of 
bodies,  the  electric  conToction  of  heat,  &c.  As  these  were  all  of  a 
confesBedly  somewhat  epeculative  character,  I  printed  at  the  time 
only  that  connected  with  thermal  conductivity,  which  I  had  the 
means  of  comparing  with  experiment,  and  which  seemed  to  accord 
fairly  with  Torbes'  experimental  results.  But  the  assumption  on 
which  this  was  haeed  was  essentially  involved  in  all  the  other  por- 
tions of  the  paper. 

With  a  view  to  the  testing  of  my  hypothetical  result  as  to  electric 
convection  of  heat,  several  of  my  students,  especially  Messrs  May 
and  Straker,  last  summer  made  a  careful  determination  of  the  elec- 
tromotive force  is  various  thermo-electric  circuits  through  wide 
ranges  of  temperature.  Their  results  for  a  standard  iron-wire, 
connected  successively  with  two  veiy  different  specimens  of  copper, 
when  plotted,  showed  curves  so  closely  resembling  parabolas  that  I 
was  led  to  look  over  my  former  investigations  and  determine  what, 
on  my  hypothetical  reasoning,  the  curves  should  he.  This  I  had 
entirely  omitted  to  do.  I  easily  found  that  the  parabola  ought,  on 
my  hypothesis,  to  be  the  curve  in  every  case,  and  I  made  last 
August  a  numerous  and  careful  set  of  determinations  with  Kew 
standard  mercurial  thermometers  as  an  additional  vcriUcation. 
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Uj  hypotbetical  result  wu  to  the  effect  that  what  TbomBon 
(TraDB.  B.S.E.  1854,  Phil.  Traos.  1856)  calk  the  specific  heat  of 
electricity,  ahoald  be,  like  thermal  and  electric  TeeistaDce,  directly 
proportional  in  pure  metala  to  the  abeolute  temperature,  the  coeffi- 
cient of  pToportionality  being,  for  some  aubatancee,  negatiTe. 

Hence,  using  Thomson's  notation  as  in  Tiaas.  B.S.S.,  we  have 
for  any  two  metals 

J  0-,  -  it,i ,  J  o~,  -  k,t , 

where  A:,  and  k,  are  constants,  whose  sign  as  well  as  value  depends 
on  the  properties  of  each  metal,  f, ,  «%  are  the  specific  heats  of 
electricity,  and  J  is  Joule's  Equivalent. 
Thus,  introducing  these  values  into  ThomsoD's  formulee,  we  have 

(*,-W-JK-.^-j(5-§), 

where  n  is  the  Peltier  efi'ect  at  a  junction  at  absolute  tempera- 
ture (.     Integrating,  we  have 

C  -(i, -AJ(  =  jO, 


where  t^  is  the  constant  of  integration,  obviously  in  this  case  the 
temperature  at  which  the  two  metals  are  therm o- electrically  neutral 
■  to  one  another.  Hence  the  Peltier  effect  may  be  represented  by 
the  ordinates  of  a  parabola  of  which  temperatures  are  the  abscissce ; 
tlte  ordiuates  being  parallel  to  the  axis  of  the  curve. 

The  electromotive  force  in  a  circuit  whose  junctions  are  at  ab- 
solute temperatures  t  and  t'  is  then  represented  by 

E-3j;^dt  =  ^(k,-  A.}[2(„{t  -  O  -  (f  -  n] 
=  (i,  -  ft.)(( -(■)[(„ -'-^]. 

This,  of  course,  is  again  tbe  equation  of  a  parabola.    That  t  -  t'  ia 
a  factor  of  E  has  long  been  known,  and  Thomson  has  given  tbe 

results  of  many  experiments  tending  to  show,  that  („  — ,,  -  is  also 
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a  factor.  But  it  was  not  till  the  ezperimenta  io  my  Laboratory 
hod  been  carried  on  for  some  montbe  that  I  was  referred  by 
ThomsoD  to  a  paper  by  AvensriuB  (Pogg.  Ann.  119),  in  which  it  is 
experimentally  proved  (partly  in  contradiction  of  an  assertion  of 
Becquerel)  that  in  a  series  of  five  different  thermo-electric  circuits 
tbe  electro- motive  force  can  be  very  accurately  expressed  by  Una 
terms  of  the  assumed  series 

E  -  6  ((  -  (,J  +  e  ((/  -t!)+     .    .     . 

where  t,  and  i:,  are  temperatures  as  shown  by  the  urdinaiy  mercurial 
thermometer.  It  followa  from  this  that  (neglecting  the  difference 
between  absolute  temperatures  and  those  given  by  the  mercurial 
thermometer)  E  has  no  other  variable  factor  than  those  above  given. 

Curiously  enoagb,  Avenarius,  whose  paper  seems  to  have  been 
written  mainly  for  the  purpose  of  attempting  to  explain  (by  the 
consideration  merely  of  the  effect  of  heat  on  electricity  of  contact 
of  two  metals)  the  production  of  thermo-electric  currents,  does  not 
allude  to  the  fact  that  the  above  equation  represents  a  parabola. 
In  fact  be  gives  several  figures,  in  all  of  which  it  is  represented 
OS  a  very  accurately  drawn  lemicircle.  He  makes  no  application  of 
his  empirical  formula  to  the  determination  of  the  amount  of  the 
Peltier  effect,  nor  does  he  seem  to  recognise  the  existence  of  what 
Le  Boux  has  called  "I'effet  Thomson,"  which  is  indiBpensable  to 
the  explanation  of  the  observed  phenomena. 

All  the  curves  plotted  by  Messrs  Hay  and  Straker,  which  were 
derived  from  iron,  copper,  and  platinum  alone,  as  well  as  my  own, 
which  included  cadmium,  zinc,  tin,  lead,  brass,  silver,  and  various 
other  substances  (sometimes  arranged  with  a  double  arc  of  two  dif- 
ferent metals  connecting  the  hot  and  cold  junctions)  were  excellent 
poraholaa.  When  the  temperatures  were  very  high,  the  parabola 
was  slightly  steeper  on  the  hotter  than  on  the  colder  side.  This, 
however,  was  a  deviation  of  very  small  amount,  and  quite  within 
the  limits  of  error  introduced  by  the  altered  resistance  of  the  cir- 
cuit at  the  hotter  parts,  the  deviations  of  the  mercury  thermometers 
from  absolute  temperature,  and  the  noo -correction  of  the  indication 
of  the  thermometeiB  for  the  long  column  of  mercury  not  immersed 
in  the  hot  oil  round  the  junction. 

To  settle  the  question  rigorously,  I  have  been  for  some  time  ex- 
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perimenting  with  an  arrangement  aometimes  of  doable  metallic 
arcs,  sometimes  of  two  separate  thermo-electric  circuits  acting  on  a 
differential  galvanometer — a  second  object  being  to  obtain,  if  it  be 
possible,  an  arrangement  capable  of  replacing  with  sufficient  accu- 
racy the  air-thermometer  in  the  measurement  of  very  high  tempera- 
tures, and  where  very  exact  results  are  not  required. 

In  fact,  if  the  formula  above  be  correct,  we  have  for  two  circuits 
with  tbeir  junctions  immersed  in  the  same  vessels 

E..(!-o(<.  -'-|^) 

E'.. ■(<-!,)  {_f.--2-'j 

SO  that  if  the  resistances  in  the  circuits  be  made  as  a  to  a'  their 
resultant  effect  on  the  differential  galvanometer  will  be  proportional 

It  is  obvious  that  so  far  as  these  factors  are  concerned  the  most 
sensitive  arrangements  will  be  snch  as  have  their  neutral  points 
farthest  apart.  On  a  future  occasion  I  hope  to  lay  the  results  of 
my  new  experiments  before  the  Society.  They  appear  to  promise 
to  be  of  great  use  in  furnishing  an  easily  working  and  approxi- 
mately accurate  substitute  for  the  air-lbermometer  in  an  inquiry  on 
which  I  am  engaged  respecting  specific  heats  and  melting  points 
of  various  igneous  locks,  dec,  while  the  comparison  of  the  indica- 
tions of  two  such  arrangements  at  very  high  temperatures  will 
give  the  means  of  determining  whether  the  quantities  called  k 
above  are  really  constants. 

3.  Note  on  Linear  Differential  Equations  in  Quaternions. 
By  Professor  Tait. 

The  generally  non-com  mutative  character  of  quaternion  mnlti- 
plication  introduces  into  the  solution  even  of  linear  differential 
equations  with  constant  (qnatemion)  coefficients,  difficulties  of  a 
sojoewhat  novel  character.  To  some  of  these  which  have  presented 
themselves  to  me  in  many  investigBtions,  I  wish  to  draw  attention 
in  the  following  note,  but  want  of  leisure  prevents  my  attempting 
at  present  either  to  classify  the  numerous  curious  forms  which  may 
be  met  with  in  physical  inquiries,  even  when  these  lead  to  mere 
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vector  equatioDS  of  an  order  do  higher  than  the  secood,  or  to  de- 
velope  the  subject  of  the  cnriouB  fuDOtional  equations  vhich  are 
iDoi  den  tall;  involved. 

1.  The  integratioD  of  an  equation  such  ae 

5  +  my  =  a  , 
where  m  is  &  scalar  (usually  a  function  of  t,  which  is  aftsuined 
throughout  as  the  independent  variable),  and  q  an  unknown  qua- 
ternion, IB  obviously  to  he  effected  by  the  ordinary  method,  multi- 
plication by  •''**■ 

2.  But  if  a  be  a  quaternion,  the  integration  of 

j  +  02  =  a', 

even  when  a  is  conKtant,  requires  a  little  care,  unless  we  boldly 
treat  a  as  m  was  treated  in  the  preceding  section.  This,  no  doubt, 
gives  the  correct  result,  but  the  process  requires  to  be  defended. 
Assume  therefore  r  to  be  a  factor  which  makes  the  left  hand  mem- 
ber integrable.    Then  we  must  have 

or,  if  r*  be  a  proximate  value  of  r, 

r' =  T  +  tSt  =  r  (1  ■>-  aBt) . 

Hence,  dividing  the  finite  interval  t  into  a  great  number  of  equal 
parts,  and  taking  the  limit 


-!-»(-!)■ 


where  r,  is  an  arbitrary  but  constant  quaternion. 
Now  we  have 

•11  _     ((So  +  TV<t .  um    _     ((m  +  ito) 


Hence  the  solution  of  the  given  equation  is 

."'a'q^Jra^a'dt, 

D.q,t,:sc  by  Google 


of  Edinburgh,  Session  1870-71.  313 

the  arbitrary  qnatemion  constant  r„  having  disappeared,  but  a  new 
one  being  intiodnced  b;  the  integration  on  the  right. 

When  a  is  yariahle,  the  tensor  of  r  is  easily  seen  to  be  i^*"*, 
but  its  Tsrsoi,  a,  is  to  be  found  from  the  equation 

i  =  .Va 
tfae  fundamental  relation  between  the  instantaneous  axis  and  the 
versor  of  rotation  of  a  rigid  body  (Trant.  JR.S.E.,  1868). 

When  r  is  a  vector,  6  suppose,  we  have 

^  -\ea, 

vbence,  as  above, 

3.  In  the  succeeding  exaroiiles  we  restrict  ourselves  to  equations 
for  the  determination  of  unknown  vectors,  as  we  thus  avoid  the  in- 
troduction of  the  ixuartio  equation  which  has  been  shown  by 
Hamilton  to  be  satisfied  by  a  linear  function  of  a  quaternion. 
This  would  appear,  for  instance,  in  the  solution  of  even  the  simple 
equation 

}  +  aqb  =  c 
where  a  and  i  are  constant  quaternions ;  though,  of  conrse,  its  use 
may  be  avoided  by  employing  a  somewb&t  more  cumbrous  pro- 
cess. 

4.  Suppose  we  have 

p  +  ft.  =  a 

where  p  is  a  self -con jugate  linear  and  vector  function  with  con- 
stant constituents.    Operate  by  S  .£,  and  we  have 

SS,i  +  S.ppS  =  S5a. 
The  left  hand  side  is  a  complete  differential  if 

S  =  p8. 
The  general  integral  of  this  equation  may  be  written  ae 
8  =  .'*8. 

where  «^is  another  linear  and  vector  function ;  but  it  ia  not  neces- 
sary t«  discuss  here  the  validity  of  such  a  result,  deduced  as  it 
must  be  by  a  process  of  separation  of  symbols.  [See  Tait's  Quaier- 
niofu,  5  290.]    For,  on  account  of  the  properties  of  p,  we  may 
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aasume  (since  but  three  distinct  and  nou-coplanar  values  of  S  are 
lequiied) 

where  17  is  a  constoot  unit-vecter,  and  x  a  scalar  fnnotion  of  (. 
This  gives 

The  valnes  of  ^  are  therefore  unit-vectora  parallel  to  the  axes  of 
the  surface 

S  pPp  =  1 , 

and  those  of  -  are  the  roots  of  the  auxiliary  cuhic  in  9 .    Gall 

them  ■I|^,■IJ,,  I},  and  g„  g^,  g^  respectively,  then  the  values  of  S  (into 
which  no  arbitrary  constant  Dued  be  introduced),  are  of  the  form 

A. 

Thus,  finally, 

p  ~  -  SijSijp 
=  -  %,'>h,[/t^S^t  +c] . 

5.  If,  in  the  equation  of  (4),  we  suppose  a  constant,  we  may 
easily  apply  a  process  similar  to  that  of  (2). 
For 

P  =  P  +  pBt :-  (i  -  Sl.9)p  +aSt. 

Hence,  as  a  is  constant, 

-  T     (1      '*Y   ^  T     ('  "  '«)  ~  '  -^ 
P  =  L^\l  -  -Jp„  +  \j^^ j^ 

"■  '-"P  A,  +  »~V 

where  p,  (which  is  arbitrary)  has  been  increased  by  9''  a .  It  is 
easy  to  show  that  this  agrees  with  the  final  result  of  (4),  and  the 
coincideDoe  is  so  far  a  justification  of  the  use  of  the  method  of 
separation  of  symbols. 

The  verification  of  the  general  reenlt  of  (4),  where  a  is  variable, 
can  also  be  effected  by  this  method,  but  not  so  readily. 

6.' Let  ue  take  the  linear  equation  of  the  second  order  with 
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constant  coefficieots    (equivaleot    to  three    simultaneouB    linear 
equatioDB  id  scaiare  of  a  verj  general  form) 

p  +  fp  +  4'p  =  0  , 
wheref  and  ^  may,  or  may  not,  be  self- conjugate. 

If  they  be  self-conjugate,  this  repreeents  oscillation  under  the 
action  of  «  force  whose  components,  in  each  of  tliree  rectangalar 
directions,  are  made  up  of  parte  proportional  to  (though  not  neces- 
BEtrily  equimultiples  of)  the  displacements  in  these  directions.  The 
resistance  parallel  to  each  of  three  other  rectangular  directions 
depends  in  a  similar  manner  on  the  corresponding  components  of 
the  velocity. 

The  operator  in  the  left  hand  member  may  be  written 

(ffi)'  +  ?■  ffi  +  +  -  (a  +  x)  (a  + «)  ■ 

suppose,  where  }(  and  6  are  two  nev  linear  and  vector  fanctioos. 
Hence,  comparing,  we  must  have 

x  +  e  =  f 
xe  =  4-, 

Or,  eliminating  0, 

a  curious  and  apparently  novel  species  of  equation  from  which  to 
determine  the  functioh  )^. 

[We  might  have  arrived  at  it,  by  a  somewhat  more  perilous  but 
shorter  route,  by  assuming  as  a  particular  integral  of  the  given 
equation  the  expression 


If  we  take  their  conjugates  in  addition  to  the  two  equations 
connecting  9  ami  x>  vre  see  at  once  that  all  four  are  satisfied  by 
assuming  these  two  functions  to  be  conjugate  to  one  another,  pro- 
vided ^  and  ip  die  self-conjugate.  Hence  in  this  special  case  we 
may  write 

X=ip  +  v..) 

c-iP-  v.cT 

It  only  remains  that  we  should  find  t,  and  the  rest  of  the  solntion 
is  to  be  efTected  as  in  (4)  or  (5). 
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We  have 

*-X«-7*|(V..f-fV.<)-V.,V.,. 

When  f  is  a  constKnt  ecalar,  i.e.,  when  the  resistaDce  is  in  the 
direction  of  motioD  (nhich  is  the  case  geoeTally  in  phyBical  appli- 
cations) the  middle  term  vanishes,  and  we  have 

V.,V.,  =  |-|f, 

or,  BD  it  may  he  written, 


=  (f-0' 


In  fact,  in  this  case,  ^  and  x  ^'^  conunutative  in  multiplicatioD, 
eo  that  the  equation  in  x  may  be  solved  aa  an  ordinary  quadratic. 

Even  this  very  particular  case  involves  a  singulu  qaeetion, 
though  not  one  of  such  difScnlty  as  that  of  the  general  ptohlem 
ahove.     We  have,  in  fact,  to  solve  an  equation  of  the  form 

where  u  is  a  given,  and  v  a  sought,  linear  and  vector  function. 
This  leads  to  an  equation  of  the  sixth  degree  in  »  with  pairs  of 
roots  equal  but  of  opposite  signs.  The  coefficients  of  the  cubic  in 
w  are  formed  hy  the  solution  of  a  biquadratic  equation.* 

*  Snppoee  Uie  cubic  in  o  to  be 

w'  +  S«r'  +  Si"  +  J,  =  0  , 
the  given  eqaation  euableB  us  to  write  it  in  either  of  the  (reall;  identical)  forms 

or  »("+J'x)  +JW   +  ?.  =  0; 

whence  ,  =  (S"_jU,\*^ 

"»  +  (2?,  - ff*)<.»  +  (?f  -  %,)<•  -  yj  =  0  . 

If  the  cubic  Id  a  be 

»'  +  Biu«  +  ».,»  +  m,  =  0  . 

we  have  by  camporiBan  of  co-efflcieuti 

2g,-^  =  m.    yf-%,  =  ni,,    yj  =  -  m, 
lo  thdty,  i*  known  and 
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bers  of  the  | 


In  fact,  if  ve  apply  tbe  members  of  the  general  equation  above 
o  t,  we  have 


This  leads  to  tbe  two  equations 


<*-?). 


wbicb,  belonging  to  two  cones  of  tbe  second  degree,  give  in  general 
four  valuea  of  c. 

7.  The  interest  of  tbe  general,  question  before  ns,  from  the 
analytical  point  of  yiew,  lies  mainly  in  the  determination  of  the  two 
unknown  linear  and  vector  functions  x  and  6  from  the  equations 


each  of  which  is  in  general  equivalent  to  nine  or  in  certain  caees 
avx  (not,  as  in  ordinary  quaternion  equations, /lur,  or  as  in  vector 
equations  three)  simnltaneous  scalar  equations.    They  have  also  a 

The  valau  of  $>  being  funnd,  a  is  given  b;  the  eiprenion  above. 

A  similar  process  ma;  easU;  be  applied  to  the  genaral  equation  of  (6),  but 
it  ma;  be  well  to  exhibit  tbe  piesent  simple  cue  in  its  Cartesian  form. 

Let  Siui  =p,  ,     8ioJ  =  p, ,     Siyk  =p, , 

^«.  =  S.  .     m»}  =  q,,     ^■»*=?,. 

Also  )et  a  =  uSi  +  f^j  +  ySk  , 

nhero  «  =  w,  +  ji,  +  fctj . 

»  =  ly,  +  Jy,  +  *p, , 

>•  =  u,  +  j"i,  +  fa, , 
then  the  problem  reducsa  itself  to  the  determination  of  the  nine  scalarg 
X,  y,  z,  &c.,  from  nine  eqaations  of  the  second  degree,  of  which  we  write  only 
the  first  three:— viz. 
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pbyBtcal  iotereet,  ioasmiicb  as  they  include  the  problem  of  finding 
two  bomogeneoas  strains,  such  that  tbe  vector-sum  of  tbeir  effecti 
on  any  vector  aball  represent  tbe  effect  of  one  given  Btrain  on  that 
vector,  wbile  tbe  effect  of  tbeir  aveeessive  performance  in  a  given 
order  on  any  vector  aball  be  equivalent  to  that  of  another  given 
strain.  It  is  cuiiouB  to  compare  tbis  with  tbe  physical  meaning  of 
the  differential  equation  from  wbicb  these  forms  are  derived. 

If  (f  be  one  of  the  roots  of  the  symbolical  cubic  in  x  (p^  which 
two  will  in  this  case  generally  be  imaginary)  and  17  the  correspond- 
ing unit  vector,  such  that  we  have  three  conditions  of  the  ^pe 

we  have 

(jf  -  99  + -idv  =  ^  ■ 

The  vectors,  which  satisfy  this  and  the  two  similar  equations,  are 

(all  three)  sides  (real  or  imaginary)  of  the  cone  of  the  third  order 

S.pfP't'P  s  0  ■ 

One  cnriouB  result,  which  is  easily  derived  from  the  equations 
above,  is  that,  if  a  solid  experience  a  pure  stiain,  the  planes  in  which 
any  three,  originally  rectangular,  vectors  are  displaced  intersect  id 
one  line. 

4.  On  some  Quaternion  Integrals.     By  Professor  Tait. 
{Abstract.) 

In  my  paper  on  "  Green's  and  other  allied  theorems '.'  (TVaru. 
B.  S.  E.  1869-70),  I  showed  that 

/Prfp=ir*»V.TJi'W, 
where  P  is  any  scalar  function  of  p,  and  the  single  integral  ia  ex- 
tended round  any  dosed  curve,  wbile  the  double  integral  extends 
over  any  surface  bounded  by  the  curve,  v  being  its  normal  vector. 
Writing 

<^  -  tP  H-  jQ  -(-  Ml 
this  gives  at  once 

f<rdp=Jfd»<^^.\ivVr-'  V.(V.Ui'r)a-), 
of  which  the  scalar  and  vector  parts  respectively  were,  in  the  paper 
referred  to,  shown  to  be  eqnal. 
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From  these  equatioue  many  very  singular  resnlts  m&y  be  de- 
rived, some  of  which  form  the  first  part  of  the  subject  of  the  pre- 
sent communication. 

Let  (T  be  a  vector  which,  having  continuonaly  varying  values 
over  the  sorface  ia  question,  becomes  Uifp  at  its  edge.     Then 
-  fTdp  -  Jfd»%  .VvVr, 

there  being  no  vector  part  on  the  left-hand  side.    This  gives  the 
Ungih  of  any  closed  carve  in  terms  of  an  integral  taken  over  any 
surface  bounded  by  it. 
We  have  evidently 

TpdTp  =  -  Sprfp, 
whence 

/PJTp-  -/PS.Upcfp-  -#d.S.UvV{PUp). 
Hence 

/o-fCTp-  -Jfdt%.(S5pX5wV)r, 


How  if  Tp  be  co&stant  over  the  boondaiy,  t.e.,  if  the  bounding 
curve  lie  on  a  sphere  whose  centre  ia  the  origin,  we  have  for  any 
sarface  bounded  by  it 

iT'i'S.CUpUi.vy  -0, 
whatever  be  the  value  of  the  vector  r. 

Again,  if  tf*  be  a  function  of  Tp  only,  we  have 
/o-  dTp  -  0 
for  all  closed  curves.    Hence,  whatevei  be  the  vector-function  f, 
and  whatever  the  surface  and  its  bounding  curve,  we  have  always 
i7-ti*S.CUpUi'V)f(Tp)=0. 
Another  very  simple  bat  fundamental  theorem,  in  addition  to 
those  given  in  the  paper  above  referred  to,  may  be  stated  as  fol- 
lows:— Let  P  be  the  potential  of  masses  external  to  a  space  2. 
Then  throughout  %  we  have 

V»P  =  0, 
BO  that 

JffV^dt  =  iTSO^VP .  A  =  0 . 
VOL    vtl.  2  t 

D.q,t,:scbyG0C>^lc 


320  Proceedinga  of  the  Royal  Society 

The  doable  integral  is  thetefore  of  constant  value  for  all  non-cloEed 
Burfacea  having,  as  common  boundary,  a  cloaed  curve  and  not 
extending  into  space  occupied  by  any  part  of  the  masses.  To  find 
its  value  in  teims  of  a  single  integral  taken  roand  this  curve,  let 

V*T=VP. 

.     As  P  is  known,  the  constituents  of  t  are  perfectly  definite,  being 

the  potentials  of  given  distributions  of  matter.  And  the  substitation 
of  functions  of  t  for  those  of  P  gives  us,  by  means  of  the  general 
formula  at  the  beginning  of  this  paper, 

jfSUvvF  .ds  =  s/y(dpV)T, 

with  the  condition 

SVt  =  0 . 

Again,  we  have  obviously,  as  Va-  is  necessarily  a  vector, 

JfS .  VvV*<rds  =/S  .  Va-dp. 
Now,  let  a-  =  tP,  then 

Jf%.%\Jv.  VPd«  =  fS(idpV)T  . 
From  this 

JfMvV'Vds  =  f\(^dpV)V . 

A  particular  case  of  this,  for  a  ourve  in  the  plane  of  xy  and  the 

surface  bounded  by  it,  is 

which  has  obvious  applications  to  fluid  motion  parallel  to  a  plane. 
But,  generally,  we  have  also 

JJJJvV^a-di  =  J\(dpV) .  <r. 

If  we  take  the  vector  of  this,  or  if  we  subtract  from  each  side  the 
corresponding  member  of  our  first  equation  above,  we  have 

SfN.^vV'<rd»  =/\.(y.dpv)<r. 

These  results  appear  to  be  of  considerable  importance  for  physical 

applications,  and  are  particularly  interesting,  becanse  they  involve 

the  operator  (indicated  merely  in  my  former  paper). 

VCipV). 

The  paper  contains  several  applications  and  modifications  of  these 
theorems. 
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5.  Note  on  an  Ice  Calorimeter.    By  Dr  A.  Crum  Brown. 

The  prmcipal  upon  which  thia  calorimeter  is  founded  ie,  that  a 
contraction  of  a  definite  amount  takes  place  on  the  conversion  of 
ice  at  0°  C.  into  wat«r  at  0°  C,  and  that  a  definite  amount  of  heat 
is  required  for  thie  converaion.  Earl;  in  the  year  1866  I  sent  a 
description  and  drawing  of  the  instrument  to  Messrs  Eemp  &  Co., ' 
instrument-makers  here,  with  an  order  to  have  it  constructed. 
Some  mechanical  difficulties  occurred  which  prevented  its  comple- 
tion at  the  time.  1  should  not  have  laid  before  the  Society  an 
account  of  an  unfinished  instrument  were  it  not  that  Professor 
BuDsen  has  recently  published*  an  account  of  a  calorimeter 
founded  on  the  same  principle.  The  two  instruments  are  quite 
different  in  detail,  and  are  primarily  intended  for  difierent  pur- 
poses— Professor  Bunsen's  for  the  estimation  of  specific  heat,  and 
mine  for  the  estimation  of  the  beat  produced  during  chemical 
changes. 

While,  of  course,  fully  acknowledging  Professor  Bunsen's  priority, 
I  lay  this  note  before  the  Society  for  the  purpose  of  preserving  to 
myself  the  right  to  use  my  own  instrument. 

It  consists  of  a  cylindrical  vessel  A,  the  calorimeter,  furnished 
with  a  tightly -fighting  flanged  lid  of  a  conical  form.  This  is  fixed 
to  the  corresponding  flange  on  the  calorimeter  by  means  of  binding 
screws,  and  has  a  small  hole  at  its  apex,  which  can  be  completely 
closed  by  means  of  a  screw  D. 

Within  the  calorimeter  is  contained  a  smaller  cylindrical  vessel 
fi,  the  laboratory,  closed  above  by  means  of  a  flanged  lid.  Into  it 
open  two  tubes,  EB  and  FF.  One  of  these,  EE,  carries  a  small 
plate,  upon  which  apparatus  may  he  placed.  From  the  bottom  of 
the  laboratory  a  tube,  GGG-,  passes,  spirally  bent  in  its  descending 
part,  and  having  a  reservoir  with  a  etop-cock  between  its  descend- 
ing and  ascending  parts.  All  these  tubes  pass  tightly  through  the 
lid  of  tbe  calorimeter. 

The  whole  apparatus  is  enclosed  in  an  outer  cylinder  CC. 

The  doubly  bent  glass  tube  II  connects  the  vessel  E  within  the 
calorimeter,  and  tbe  vessel  J  without.    It  passes  through  a  tight 
stuffing-box  in  the  wall  of  tbe  calorimeter,  and  through  a  perforated 
'  PoggendorfTs  Annaleo,  voLcxli.  p.  1.    1670. 
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cork  in  the  wall  of  the  vessel  C;  it  is  formed  of  tvo  pieces,  which 
can  be  disconnected  at  L,  so  as  to  allow  of  the  removal  of  the 
calorimeter  from  the  jacket.  The  calorimeter  A  is  to  be  filled  with 
ice  and  water,  both  free  from  air;  the  tubes  EE  and  FF  supply 
the  gases  (previously  cooled  to  0°  C.)  necesBary  for  the  chemical 


operation  taking  place  in  the  laboratory  £ ;  while  GO  removes  the 
prodacta  of  combustion,  those  which  condense  collecting  in  H. 
The  vessels  J  and  K  contain  mercury,  and  it  is  obvious  that  the 
quantity  of  mercury  transferred  from  the  one  to  the  other  is  the 
measure  of  the  thermal  change  accompanying  the  chemical  aotioQ . 
The  space  between  the  calorimeter  and  the  jacket  C  is  filled  with 
melting  ice. 

The  following  G«Dtleman  was  elected  a  Fellow  of  the 
Society : — 

Rev.  Teohas  LtHMAT,  M.A. 
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Monday,  16(A  January  1871. 

Da  0HEISTI80N,  President,  in  the  Chair. 

At  the  regneet  of  the  Council,  Principal  Sir  Alex.  Grant, 

Bart,  delivered  an  address  "  On  the  Educational  System  of 

PruBsia." 

Uk  PKKgiDsiiT  AND  G'BNTi.BHKN, — If  I  Were  addressing  almost 
any  other  assembly,  I  ehoald  probably  begin  by  saying  that  the 
subject  of  the  edncational  syetem  of  PruBsia  pOBsesses  a  peculiar 
interest  at  the  present  moment  for  two  reasons — 1»(,  Becanae  the 
wonderfnl  eucoessee  of  Prussia  make  one  curious  to  know  all  the 
methods  which  have  been  applied  to  bring  that  nation  to  its  pre- 
sent state;  2(J/y,  Because  public  instruction  is  just  now  one  of  the 
chief  questions  of  the  day  for  the  inhabitauta  of  Oreat  Britain  and 
Ireland. 

But  in  this  Society  considerations  of  the  temporary  and  the 
contingent  would  be  out  of  place.  And  therefore,  omitting  alto- 
gether such  allusions,  I  propose  to  submit  some  account  and  esti- 
mate of  the  Prussian  educational  system  merely  as  a  sort  of 
contribution  to  human  nataral  history. 

Probably  no  human  institution  is  perfect,  and  yet  I  think  we 
may  see  nature  working  in  and  by  means  of  human  societies 
towards  constant  improvement — that  is,  toKards  the  best.  While 
a  large  portion  of  mankind  seem  content  to  remain  stationary, 
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without  any  desire  for  progreBs,  there  have  alwaya  been  progresBtve 
Tocea  who  have  respectively  devoted  themselves  to  workisg  out 
different  problems  of  civilisation.  Among  these  lb  the  problem  of 
national  education,  for  the  workisg  out  of  which  Pmssia  has  made 
great,  and,  as  it  is  generally  thought,  snccesefal  efforts.  At  all 
events,  she  has  accnmnlated  bo  great  a  mass  of  experience  on  the  sub- 
ject, ae  to  make  the  history  of  her  efforts  worthy  of  being  studied. 

It  is  a  common,  but  erroneous,  notion  to  suppose  that  education 
in  Prussia  is  the  product  of  the  arbitrary  will  of  modem  despotic 
governments — that  it  was  conceived  ae  a  whole  by  some  Vinister 
of  Instruction,  drawn  out  on  the  foolscap  paper  of  a  bureau,  and 
then  issued  by  the  fiat  of  the  State  to  be  accepted  by  the  people. 
Such  an  account  would  Be  as  far  as  possible  from  historical  truth. 
Sut  some  notion  of  the  kind  has  obtained  currency,  perhaps  partly 
under  the  authority  of  M.  Cousin,  who  visited  Prussia  in  1831, 
and  made  a  report  on  the  state  of  education  there  for  the  French 
Gkivemment.  His  account  of  the  primary  educational  system  was 
translated  by  Mrs  Austin,  and  so  became  tolerably  well  known  in 
this  country.  M.  Cousin  got  hold  of  a  scheme  for  the  organisation 
of  education  throughout  Prussia,  which  had  been  drawn  up  in 
1819  by  Von  Altenstein,  then  Minister  of  Instruction.  Viewing 
matters  rather  superficially.  Cousin  referred  all  he  saw  to  this 
scheme,  as  if  it  had  been  the  cause  and  origin  of  the  school  system 
which  he  found.  But  the  fact  is  that  Von  Altenstein's  document 
was  merely  what  we  would  call  a  "draft  bill."  It  was  never 
carried  in  the  Chambers,  and  never  became  law,  and  it  bad  no 
more  influence  on  education  in  Prussia  than  the  several  abortive 
bills  for  (iducatioD  in  Scotland  have  had  on  our  parochial  BchooU. 
The  curious  thing  ia  that  Prussia,  np  to  the  present  day,  baa  never 
had  a  substantive  Educational  Act.  Several  bills  have  been  drawn 
up,  as  for  instance  in  1819,  in  1850,  and  in  1869,  hut  they  have 
always  been  ultimately  rejected.  And  the  Liberals  in  Oeimany 
are  looking  forward  to  the  actual  passing  of  an  educational  law, 
after  more  than  fifty  years  of  unsuccessful  attempts  at  l^slation 
in  this  department,  as  one  of  the  first  internal  results  whioh  will 
be  achieved  after  the  conclusion  of  the  present  war. 

It  is  true  that  the  administration  of  public  instruction  in  Prussia 
is  bureaucratic  in  the  extreme ;  but  this  is  not  the  same  as  saying 
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that  the  educational  syatem  has  been  created  in  a  buieao.  The 
aohoolB  grew  up  in  accordance  with  the  ideas  of  the  people ;  the 
oharacter  of  the  ephoola  has  been  modified  from  time  to  time  by 
public  opinion ;  till  within  the  laat  sixteen  years  the  schools  varied 
according  to  the  diSeienee  of  the  different  provinceB ;  in  short,  the 
central  GoTeniment  has  only  gradually  and  lately  got  ita  grasp  on 
that  which  it  found,  but  did  not  create. 

The  Folkuekulen,  or  people's  schools,  in  Froseia  were  in  the 
oateet  a  product  of  the  Reformation.  The  great  characteristic  of 
FruBfiian  popular  education  is  uniyersalit;  of  school  attendance 
under  legal  compulsion.  Now,  the  legal  compulsion  ia  of  com- 
paratively late  introduction.  It  was  only  brought  in  after  the 
Heading  of  children  to  achool  had  long  been  xecognised  as  a  religioua 
duty  incnmbent  on  all,  and  had  thoroughly  become  a  habit  of  the 
people.  Just  aa  John  Enox  was  the  author  of  the  parochial 
school  system  of  Scotland,  so  Martin  Lather  was  the  author  of 
the  nniverBal  school  attendance  of  Germany.  The  custom  dates 
from  a  circular  letter  which,  in  the  year  1524,  Luther  addresaed  to 
the  bn^omasteis  and  connciliora  of  all  the  towns  in  Grermany.  It 
was  a  manly,  earnest,  powerful  appeal,  painting  in  strong  colours 
the  neglected  condition  of  the  children,  and  urging  that  schools 
should  be  provided  for  them.  Luther  pleaded  that  each  child 
shonld  go  to  school  for  at  least  two  hours  a  day,  giving  the  rest  of 
its  time,  if  absolutely  necessary,  to  work.  This  letter  had  a  striking 
and  permanent  effect.  The  town  councils,  the  landowners,  and  the 
priiloes  of  Germany  were  etined  up  to  action ;  new  schools  were 
provided,  and  the  old  ones  improved  all  over  the  country,  and  the 
people  gradually  ttxik  up  the  idea  and  never  diopt  it,  that  to  send 
their  children  to  school  was  a  plain  Christian  doty. 

At  the  beginning  of  the  eighteenth  century,  in  1716,  King 
Frederick  William,  isauing  certain  ordinances  for  the  regulation  of 
schools,  assumes  the  universal  attendance  of  unconfirmed  persons ; 
he  merely  gives  hie  royal  sanction  to  an  existing  practice.  In 
1763  an  AUgentMnet  LamUiAulreglement,  or  general  regulation  for 
country  schools,  was  issued,  which  for  the  first  time  defined  the 
age  of  school  attendance,  namely,  from  five  to  fourteen.  Thus  the 
law  was  merely  an  expression,  a  ratification,  and  a  definition  of 
the  cnatom  of  tbe  people. 

DiqitlzscbyGOOqlC 


312  Proceedings  of  the  Royal  Society 

I  will  DOW  mention  the  way  in  which  the  compulaion  ie  carried 
oat.  Compulsory  school  attendance  may  be  of  two  kinds— either 
(1)  the  parent  may  be  obliged  to  show  that  the  ehild  is  taught 
somewhere ;  or  (2)  the  child  may  be  compelled  to  attend  a  parti- 
oulai  school  for  which  it  is  registered.  The  second  is,  of  course, 
the  harsher  and  more  bureaucratic  method,  aod  it  is  distinctively 
called  Sthvizwattg,  or  school  oompnleiou ;  while  the  first  and  milder 
obligatioD  is  Sehulpjlichtichkeit,  or  school  duty.  The  second  method, 
while  leaving  less  liberty  to  the  parent,  is  more  efficient  from  the 
point  of  view  of  the  State ;  and  as  such  it  was  adopted  in  Prussia 
in  1867,  and  is  now  the  law  of  the  kingdom.  The  police-ofGce  of 
each  place  makes  out  a  list  of  children  as  they  arrive  at  school  age 
— that  is,  five  years  old.  It  registers  each  child  for  the  school 
nearest  its  dwelling-place,  and  sends  the  list  to  the  school  board, 
which  now  becomes  responsible  for  the  child  not  only  joining  tbe 
school,  but  also  regularly  attending  for  the  nest  eight  years — that 
is,  up  to  the  time  of  its  confirmation.  The  master  keeps  a  register 
of  attendances,  and  in  some  places  it  is  the  custom,  after  the  first 
school  hour,  to  send  ronnd  a  messenger  to  inquire  after  missing 
children  and  the  reason  of  their  absence.  Each  case  of  absence  is 
marked  by  the  master  as  "  excused  "  or  "  unexcused."  When  un- 
excused  absences  occur,  it  becomes  the  duty  of  the  clergyman,  as 
chairman  of  the  school  board,  or  of  some  deputed  member  of  the 
board,  to  use  moral  suasion  with  the  parent  or  guardian,  with  the 
view  of  obtaining  greater  regularity.  If  these  means  fail,  the 
name  of  the  parent  or  guardian  is  sent  to  the  police-office,  and  he 
is  mulcted  with  a  email  fine  for  each  unexcused  absence,  and,  in 
case  of  non-payment,  is  sent  to  gaol.  Ur  Hark  Pattison  (from 
whose  admirable  report  on  the  primary  schools  of  Germany  most 
of  my  details  for  this  part  of  the  subject  are  taken)  mentions  that 
in  Berlin,  in  the  year  1866,  there  were  1780  convictions  for  Irre- 
gular attendance,  being  rather  more  than  three  per  cent,  on  the 
whole  number  of  children  on  the  rolls  of  the  schools.  This  vas 
thought  a  very  large  proportion,  and  was  attributed  to  the  growth 
of  pauperism,  and  consequent  demoralisation  in  a  large  city.  I 
am  sorry  that  I  have  not  more  recent  statistics  to  oB'er,  but  the 
system  remains  tbe  same,  and  I  think  that  we  can  see  its  genera) 
working. 
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In  that  same  year,  1666,  there  were  2,943,251  children  of  echool 
age  in  all  the  Pruesian  pToviDces.  Of  these,  2,828,692  were  in 
attendance  at  elementary  Bchools,  public  and  private.  Of  the 
remainder,  114,559,  many  were  in  attendance  at  the  lowei  claaBea 
of  grammar  schools  and  real  schools,  which  are  open  to  papila  of 
nine  years  of  age ;  others  were  being  educated  at  home ;  a  few 
were  doubtless  invalids,  or  physically  or  menially  incapacitated ; 
the  residae,  which  most  be  small,  represents  the  children  of  itine- 
rating families  who  manage  to  escape  getting  upon  any  school 
register.  £ven  if  we  suppose  that  100,000  children  escaped  school 
att«ndance  altogethei,  that  would  give  less  than  three  and  a  half 
per  cent,  on  the  entire  population  of  school-going  age.  But  the 
proportion  for  most  of  the  provinces  is  nothing  like  bo  large.  Out 
of  the  recruits  that  joined  the  Prussian  army  during  the  past  year, 
it  Is  true  that  exactly  three  and  a-half  per  cent,  of  the  troops  had 
never  had  any  schooling.  But  the  great  bulk  of  the  unfavourable 
returns  is  made  up  of  recruits  from  Fosen,  a  Polish  province  which 
has  been  called  "  the  Ireland  of  Prussia,"  and  from  the  natives  of 
East  Prussia,  whose  vicinity  to  the  frontier  facilitates  their  evasion 
of  school  attendance.  From  the  province  of  Brandenburg,  only 
one-eighteenth  per  cent,  of  the  recruits  had  not  attended  school. 

On  the  whole,  the  law  of  compulsory  attendance  in  PniBsia  may 
be  said  to  be  perfectly  efficaciona  in  producing  the  result  at  which 
it  aims,  and  it  ap|)eare  to  be  very  seldom  complained  of.  Even  in 
the  political  disturbances  of  1848,  this  law  was  not  put  forward  as 
one  of  the  grievances  against  the  Government.  The  law  is 
thoi'oughly  in  harmony  with  papular  custom ;  and  just  as  in  this 
country  it  is  a  matter  of  course  for  the  well-to-do  classes  to  send 
their  children  without  any  exception  to  school,  so  in  Germany  it  is 
equally  a, matter  of  course  for  the  peasant  and  the  labourer  to  send 
off  his  children  every  morning  to  the  school  which  the  community 
has  provided.  Day  schools  throughout  Germany  (as  in  Edinburgh) 
are  the  rule  for  rich  and  poor  alike,  and  there  is  an  air  of  equality 
given  by  the  spectacle  of  rich  children,  as  well  as  poor,  going  off 
each  day  to  their  respective  schools. 

The  Scliuhivang,  or  compulsion  to  attend  a  particular  scliool,  is 
of  course  relaxed  in  favour  of  the  rich.  The  parent  applies  for 
exemption,  stating  his  reasons,  and  naming  the  school  (generally  a 
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private  one)  to  which  his  child  ia  to  be  sent.  Id  some  places  he 
has  to  pa;  the  school  fee  all  the  same  to  the  school  for  which  his 
child  was  regietered.  In  two  parts  of  Germany  there  used  to  be 
no  law  of  compulsion,  namely,  in  the  free  towns  of  Hamburg  and 
Frankfott-on-the-Uaine.  Frankfort,  however,  has  now  become 
Prussian.  It  was  said  that  in  these  places  the  attendance  of 
children  at  school  was  quite  as  universal  as  in  Prussia  itself;  and 
some  persons  argue  that  the  custom  of  the  people  might  be  relied 
on  everywhere  in  Germany,  and  the  law  dispensed  with.  But  we 
have  already  seen  that  the  growing  pauperism  of  places  like 
Berlin  tends  to  invalidate  the  custom.  The  law,  at  all  events, 
helps  to  keep  the  custom  straight,  else  it  might  well  be  doubted 
whether  the  ideas  of  the  sixteenth  century  as  to  the  duty  of  school 
attendaoce  conld  be  kept  alive  in  manufacturing  centres,  and  in 
very  poor  neighbourhoods.  In  the  ^rricultural  districts,  it  is  said 
that  the  farmers  dielike  schools  because  tlisy  raise  wages ;  in 
manufacturing  districts,  the  parents  dislike  schools  because  they 
deprive  them  of  a  certain  amount  of  wages  which  their  children 
might  otherwise  be  earning.  In  the  cotton  manufacturing  districts 
of  Saxony,  the  Grovemment  baa  made  an  equitable  compromise 
between  the  claims  of  industry  and  of  school  learning,  by  allowing 
a  system  of  half-time  schools  for  cbildren  employed  in  the  factories. 
The  children  under  this  system  appear  to  be  ultimately  as  well 
instructed  as  those  under  a  whole  time  system.  I  think  that  tliid 
experiment  deserves  particular  attention.  For  I  believe  that  chil- 
dren up  to  nine  or  ten  years'  old  can  learn  as  much  in  three  hours 
per  diem  as  they  could  learn  in  six  hours  per  diem,  and  that  light 
industrial  tasks  for  the  remainder  of  the  day  would  rather  tend  to 
develops  the  intelligence  of  the  child.  In  Prussia  the  minimum 
^e  for  children  being  employed  in  a  factory  is  twelve,  and  up  to 
fourteen  no  child  must  work  more  than  six  hours  per  diem.  Thus 
plenty  of  time  is  still  left  for  attendance  at  a  three  hours'  school. 

We  have  now  to  consider  the  funds  by  which  the  elementary 
ficboola  of  Prussia  ate  supported.  There  are  very  few  endowments 
available  for  them.  The  Grovernment  has  at  its  disposal  for  educa- 
tional purposes  about  L.50,000  per  annum,  derived  from  seques- 
trated Church  property,  and  from  charitable  bequests.  But  this  is 
almost  enlirely  devoted   to   higher   education.     The   elementary 
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Bchoole  may  be  Mid,  in  a  word,  to  be  supported  wholly  by  oontri- 
butionB  from  the  aiiDnal  iscome  of  the  commnDity,  in  the  shape  of 
— 1st,  school  fees ;  2d,  local  rate ;  3d,  genetal  taxatioQ.  The  first 
step  towards  providing  for  the  maintenance  of  a  Voiktiehule  is, 
that  the  proper  attthorities  of  the  gemeinde,  or  commnae,  register 
each  family  as  assessed  at  a  certain  rate  of  school  fees  for  any 
children  that  may  be  of  ecbool-going  age.  In  this  country  there 
appears  to  be  a  sort  of  repugnance  to  the  idea  of  a  graded  scale  of 
fees  in  proportion  to  the  income  of  parents.  Sut  in  Prussia 
this  is  the  first  principle  of  public  instmction.  Fees  are  assessed 
upon  families  not  in  relation  to  the  cost  of  the  school,  but  solely  in 
relation  to  the  circumstances  of  those  who  are  to  pay  the  fees. 
Government,  however,  fisee  a  maximum  and  a  minimum  rate. 
No  child  is  to  pay  more  than  fifteen  thalers,  or  about  forty-four 
shillings  per  annum ;  and  the  lowest  rate  (from  which  there  would 
only  be  exemption  in  the  case  of  extreme  poverty)  is  one  groecben, 
that  is  about  three  halfpence,  per  week.  Between  these  extremes 
the  assessment  takes  place. 

The  next  eouice  of  revenue  for  the  school  consists  in  the  collec- 
tions made  in  the  parish  church  during  one  Sunday  in  each  year. 
Then  there  is  a  small  capitation  tax  on  poor  and  rich  alike,  and, 
finally,  a  rating  on  property,  estimated  by  a  loose  valuation. 

Grants  from  the  general  taxation  of  the  country  for  elementary 
schools  are  only  made  in  cases  where  the  commune  can  show  real 
inability,  on  account  of  the  poverty  of  its  inhabitants,  to  meet  the 
necessary  cost.  The  Government,  bowevcT,  has  ocoaaionally  allowed 
grants  for  increasing  schoolmasters'  salariee.  It  ie  clear,  then,  that 
as  the  fees  are  almost  always  extremely  low,  the  burden  of  main- 
taining the  primary  schools  falls  mainly  upon  the  rate-payers. 
This  principle  was  introduced  by  the  Allgemeinet  Landreckt,  or 
general  code  of  Prussia  of  the  year  1794,  which  lays  down 
that  "  where  there  are  no  endowments  for  the  support  of  the 
common  schools,  then  the  maintenance  of  the  teacher  falls  upon 
the  collective  householders,  without  distinction  of  religion.  The 
contributions  requisite  for  this  purpose,  whether  they  be  paid  in 
money  or  kind,  most  be  equitably  divided  among  the  householders, 
in  the  proportion  of  their  property  and  holdings." 

To  show  the  working  of  this  system  in  a  large  city,  it  may  be 
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mentiooed  tfaat  in  Berlin  (vbicb  bas  about  three  times  the  popu- 
lation of  Edinburgh)  there  were  some  time  ago  about  55,000 
children  in  the  elementary  Boboole,  and  it  waa  estimated  that  each 
of  these  children,  in  addition  to  the  school  fees,  cost  the  municipality 
about  L.l  sterling  per  annum,— the  total  expenditure  on  this  object 
being  about  twelve  per  cent,  on  the  munioipal  budget. 

We  have  seen  how  the  primary  Hcbools  in  Prussia  are  filled,  and 
how  they  are  supported ;  we  have  now  to  inquire  bow  they  are 
managed.  The  VoUtnchvle  haa  never  forgotten  the  tradition  of 
its  origin,  at  the  time  of  the  Beformation,  as  an  ecclesiastical 
institnlion.  The  immediate  and  local  management  of  all  the 
schools  is  practically  in  the  huids  of  the  clergy.  The  clergyman 
of  the  parish  is  ex  officio  local  inspector  of  the  common  school.  He 
is  chairman  of  the  school  board,  which  consists  of  representatives 
of  the  householders.  He  has  really  onerous  duties  in  connection 
with  the  school.  He  is  expected  to  visit  it  constantly,  in  some 
places  as  often  as  once  a  week.  He  is  not  merely  the  inspector  of 
the  school  in  the  sense  of  examiner  and  critic,  but  bo  is  responsible 
for  its  management  and  superintendence.  He  baa  to  prepare  the 
children  for  confirmation  by  a  religious  lesson  of  at  least  an  boar  a 
day  for  the  two  or  three  months  preceding  Easter. 

The  oentral  power  is  said  to  regard  the  clergy  as  useful  in 
repressing  the  instinct  of  self-government  in  the  commune.  The 
clergy  are  said  generally  to  take  a  bureaucratic  and  centrdising 
point  of  view  in  the  discbarge  of  their  functions  as  school  inspectors. 
But  they  have  a  difficult  and  thankless  office.  They  have  to 
encounter  the  jealousy  of  the  school  board,  and  often  the  discontent 
and  mutiny  of  the  schoolmaster,  who  has,  perhaps,  the  chronic 
grievance  of  an  inadequate  salary,  and  who,  having  been  profes- 
sionally prepared  in  a  training  college,  finds  himself  controlled  by 
one  who  has  no  technical  acquaintance  with  the  details  of  school 
management. 

In  the  political  disturbances  of  1618-49  (.which  were  designated 
as  "  the  schoolmasters'  rebellion  "),  one  of  the  great  cries  was  for 
the  autonomy  of  schools,  that  is,  for  greater  freedom  from  the 
control  of  the  Church,  And  this  is  one  of  the  things  which  the 
Prussian  Liberals  expect  from  the  Educational  Bill  of  the  future. 
They  do  not  seem  to  ask  for  a  secular  system  of  instruction,  hat 
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rather  foi  emaDcipation  from  clerical  managemeDt  The  Gbveia- 
ment  depends  much  on  the  moral  iaflueDce  of  the  clergj  io  pro- 
moting rcgalar  Bchool  attendance  among  the  people,  and  generally 
in  playing  a  conoiliatory  part  in  relation  both  to  the  school  board 
and  the  master.  In  many  cases  the  clergy  appear  to  perform 
these  ofBces  in  a  most  Christian  and  self-denying  spirit.  But,  on 
the  other  hand,  they  appear  frequently  to  fall  into  a  state  of  apathy 
and  indifference  about  the  scbools.  Their  labours,  as  school 
inspectors,  are  an  tinremunerated  addition  to  their  proper  functions, 
and  are  such  as  often,  individually,  they  have  no  taste  for. 

The  present  system  is  recommended  by  its  cheapness,  as  under 
it  school  inspection  costs  nothing  to  the  Glovernment.  But,  on  the 
whole,  it  can  hardly  be  called  successful,  and  it  is  probably  doomed 
to  alteration.  It  b  not  only  the  clergy  themseWeB,  who  in  many 
cases  exhibit  a  want  of  interest  in  the  schools,  but  the  local  com- 
munities also  have  their  sympathies  chilled,  in  the  first  place,  by 
an  over  predominance  of  the  clergy  in  school  management,  and, 
secondly,  by  the  excessive  interference  of  bureauoratic  action  from 
above.  The  ualnre  of  this  bureaucratic  action  has  now  to  l>e 
deaoribed. 

The  kingdom  of  Prussia  is  divided  into  provinces,  each  province 
into  departments,  each  department  into  circles  or  districts,  each 
circle  into  parishes  or  communes.  For  the  whole  kingdom,  the 
central  educational  anthority  is,  of  course,  the  minister  of  public 
worship,  and  medical  and  educational  affairs.  Beueath  him  there 
is  a  gradually  descending  scale  of  officers,  for  the  superintendence 
of  instruction  on  the  system  that  a  civil  anthority  is  always  asso- 
ciated with  clerical  or  scholastic  affairs.  Thus  for  the  province, 
the  president  of  the  province  ie  associated  with  a  provincial  school 
council.  For  the  department,  the  prefect  of  the  department  is 
associated  with  a  departmental  school  councillor.  For  the  circle 
or  district,  the  landrath,  or  district  councillor,  is  associated  with 
the  superintendent,  who  is  an  ecclesiastic  of  about  the  same 
diguity  as  an  archdeacon  in  England,  and  who  supervises  the 
inspection  of  schools  in  from  twenty  to  forty  parishes.  In  the 
parish  there  is  the  school  board  associated  with  the  local  clergy- 
man, who,  as  we  have  seen,  is  ex  officio  school  inspector  and  scbool 
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The  provincial  school  council,  in  coBJnnction  with  the  preaideot 
of  the  province,  manages  higher  education  alone. 

All  reports  on  primary  inatjaction  aie  sent  up  hy  the  superin- 
tendents  of  districts  to  the  departmental  school  councillor,  who,  in 
conjunction  with  the  prefect  of  the  department,  forwards  them 
direct  to  the  miDister  of  iastnictioD,  The  enperintendent,  though 
an  eccleaiastio,  is  said  to  act  invariably  in  a  bnTeaucratic,  and  not 
a  clerical  spirit.  It  may  easily  be  supposed  that,  with  all  this 
network  of  reports  radiating  towards  the  centre,  there  is  little 
scope  left  for  local  action  in  the  matter  of  the  common  schools. 
Thongb  the  rate-payeis  famish  the  fands,  they  have  little  to  say 
on  their  expenditure.  The  schoolmasters  appear  to  be  appointed, 
not  by  the  parish  school  hoards,  bnt  in  each  case  by  the  depart- 
mental school  councillor.  For  some  time  there  was  a  certain 
liberty  left  to  individual  masters  and  to  local  feeling  in  the  kind 
of  teaching  to  be  given  in  the  schools ;  but,  in  1851,  certain  famons 
Regulative,  or  SlinnteB  of  the  Barean  of  Public  Instruction,  were 
issued,  absolutely  defining  the  subjects  and  manner  of  teaching. 
Of  these  minutes  I  will  speak  presently.  They  gave  final  extinc- 
tion to  anything  like  local  and  characteristic  life  in  connection 
with  the  country  schools. 

In  large  towns  they  have  another  board  called  the  Sehul-d^ta- 
taHon,  or  school  delegacy,  for  the  collective  management  of  the 
city  schools.  These  bodies  were  first  created  in  1808,  when,  under 
Stein's  advice,  every  possible  means  was  being  adopted  for  calling 
forth  the  energies  of  the  nation,  and,  amongst  other  thingx,  it  was 
thought  desirable  to  awaken  municipal  life.  In  Berlin,  the  school 
delegacy,  consisting  of  chosen  members  of  the  town  council,  have 
the  management  of  ell  the  schools,  both  higher  and  primary, 
within  the  city,  except  a  few  which  are  of  an  exceptional  character. 
But  the  school  delegacy  has  to  report  to  the  provincial  council  of 
Brandenburg,  and  Ur  Pattison  mentions  that  on  one  occaeion  they 
were  reproved  for  too  much  independence,  for  having  examined 
some  candidates  as  teachers  in  needle-work  without  having  sought 
the  permission  of  the  provincial  government.  In  short,  the  centoal 
power  has  of  late  evinced  much  jealousy  of  the  school  delegacies, 
and  has  apparently  wished  to  take  back,  or  neutralise,  the  dangerous 
concession  of  1808. 
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In  Fruseia  the  so-called  "religiooe  difficulty"  baa  never  existed. 
The  BOhools  of  every  kind  are  retigioaB  and  denoroinatioiiBL  The 
religions  difficulty  ariseB  from  a  multiplicity  af  Beets,  aod  from 
antagonism  between  established  and  noo-estabLbhed  churches. 
Bat  in  Prussia  there  are  three  leading  confessioQB,  all  endowed 
respectively  in  different  Localities,  which  cover  almost  the  entire 
population, — the  Lutheran,  the  Beformed,  aud  the  Catholic.  The 
two  first  are  conjoined  for  school  purposes ;  and  thus  we  have  the 
denominational  proportions  of  population  stated  some  little  time 
ago,  ae  follows ; — 

Protestant  6164  per  cent. 

Catholic  32-71      „ 

Other  creeds  2.-66      „ 

-  Of  these  other  creeds  five-sixths  were  Jews,  the  remainder 
DissenterB — such  ee  Baptists,  Menuonites,  Irvingites,  &q.  This 
phenomenon  of  more  than  ninety-seven  per  cent,  of  the  population 
belonging  to  established  churches  may  remind  us  of  the  case  of 
Scotland,  where,  I  believe,  about  eighty-eight  per  cent,  of  the 
population  belong,  if  not  to  one  establishment,  at  all  events  to-one 
confession,  without  material  doctrinal  difiereucee. 

The  Jews  iu  Prassia,  whenever  congregated  in  sufficient  numbers, 
have  schools  of  their  own^  with  their  own  religious  teaching.  If 
they  exist  in  isolated  families,  their  children  attend  the  Christian 
schools,  and  ore  generally  not  withdrawn  even  from  the  religious 
teaching.  They  ai«  said  to  look  on  instruction  in  Christianity  as 
a  piece  of  useful  oi  curious  informatioD,  and  to  be  quite  above  the 
fear  of  conversion.  In  this  respect  they  are  like  a  certain  Brahmin 
of  Bengal,  who,  having  attended  a  missionary  school,  reassured  his 
caste  by  telling  them  that  "  he  bad  gone  through  the  whole  Bible, 
and  it  had  done  him  no  harm." 

The  Dissenters  are  obliged  to  attend  the  public  schools,  but  they 
are  under  the  protectioo  of  a  conscience  clause.  The  authorities 
require  evidence  that  the  children  of  Dissenters  are  taught  religion 
according  to  their  own  formulce  by  their  respective  clergy.  The 
Prussian  constitution  of  1851  contained  the  following  article : — 
"  In  the  ordering  of  public  schools  for  the  people,  regard  shall  be 
bad  to  denominational  relations.  The  religions  instruction  in  the 
people's  school  is  under  the  conduct  of  the  respective  religious 
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bodies."  The  conscience  clause  dates  book  from  the  Fniraian 
code  of  1794,  which  U78  down  that  "  admittance  into  the  public 
schools  shall  not  be  refused  to  an;  one  on  the  ground  of  diversity 
of  religioas  confession.  Children  whom  the  laws  of  tfae  State 
allow  to  be  bronght  up  in  any  other  religion  than  that  which  is 
being  taught  in  the  public  school,  cannot  be  compelled  to  attend 
the  religions  instruction  given  in  the  same."  This  order,  however, 
except  in  the  nnmeiicallyinsigniGcant  case  of  the  Dissenters, appears 
seldom  to  have  been  pnt  in  force.  Mixed  schools,  where  teachers 
of  different  confessions  are  associated  together,  have  been  tried 
occasionally,  but  have  not  been  found  successfnt.  It  has  long  been 
an  established  maxim  in  Prussia,  that  all  schools  must  be  denomi- 
national, and,  as  a  rale,  every  child  E^pears  to  find  him  or  herself 
at  a  school  belonging  to  bis  or  her  religious  denomination. 

The  obstacles  in  the  way  of  legislating  for  the  instruction  of  the 
people  in  this  country  arise  t»  limine  from  difTsrencee  of  opinion 
.  as  to  the  questions  of  religious  teaching,  school  management, 
rating,  and  compulsory  attendance.  The  obstacles  in  the  way  of 
educational  legislation  in  Prussia  arise  from  differences  of  opinion 
as  to  the  relation  of  Church  and  State  to  local  communities.  But 
in  Prussia  the  difBcnlty  is  only  ^K>ut  altering  the  character  of  a 
system.  The  system  is  there,  and  is  complete  enough  in  itself. 
The  only  question  is,  Could  not  a  better  and  freer  system  be  intro- 
duced? We  have  seen  how  the  Prasaian  people,  following  the 
advice  of  Luther,  adopted  universal  school  attendance  as  a  national 
habit;  how  this  habit  was  ratified  and  confirmed  by  law  in  the 
eighteenth  century ;  how  the  support  of  people's  Bohools  was  thrown 
on  the  householders  by  the  code  of  1794 ;  and  how,  by  common 
consent,  and  by  law,  the  schools  have  remained  denominational, 
with  a  conscience  clause  for  the  benefit  of  a  very  small  section  of 
the  population.  Thus  has  Prussia,  in  the  march  of  time,  quietly 
stepped  over  all  those  preliminary  and  merely  parliamentary 
difficulties,  which  in  this  country  have  so  long  prevented  large 
numbers  of  the  people  from  getting  any  school  education  at  all, 
while  Lords  and  Commons  have  been  wrangling  as  to  the  exact 
form  under  which  the  schools  were  to  be  started. 

But  all  this  touches  merely  the  external  politics  of  public 
instruction.    The  question  remains.  What  is  the  teaching  in  the 
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people's  school  when  yoabsve  got  it  establiafaed?  Oa  tbie  point 
the  experience  of  ProBBia  is  not  aninlerestiDg.  The  elementary 
school  in  Prussia  was,  in  its  origin,  a  catechetical  instmction  ;  it 
was  a  repetition  hj  some  subordinate  eccleaiaetic  of  tbe  Sunday 
catechising  of  the  paator,  GraduaJlj  the  teaching  of  reading  and 
singing  was  added,  bnt  onl;  aa  a  means  to  a  religious  end,  namely, 
reading  the  Bible  and  singing  in  cbnich.  By  the  middle  of  the 
eighteenth  centary  more  secular  elements  of  instmctioD  were  grafted 
on ;  and  Frederick  II.,  in  1763,  orders  that  "the  people  shall  be 
GhrJBtianly  brought  up  in  reading,  praying,  chanting,  writing  and 
arithmetic,  catechism,  and  Bible  history.  Tbe  Pmsaisn  code  of 
1794  lays  down  that  schools  and  uniTersitiea  are  "  institutions  of 
tbe  State."  It  preecribea  the  teaching  of  religion  as  a  part  of 
useful  knowledge,  and  as  tending  to  make  good  and  obedient 
citizens.  At  the  end  of  the  last  century  the  Fruseiao  elementary 
BchoolB  appear  to  have  been  easy-going  mechanical  iDstitntions, 
with  nothing  about  them  specially  to  call  for  remark.  Bat  an^ 
immense  fennent  in  relation  to  them  was  preparing,  a  passionate 
upstirring  of  the  whole  question  of  popular  education,  endless 
theory  and  counter  theory,  action  and  reaction,  tbe  history  of 
which  constitutes  a  whole  Hteratnie,  and  the  effects  of  which  have 
alt  been  felt  upon  the  character  of  the  Prussian  VolksichtUen, 
which  now  remain  like  the  fossilised  result  and  record  of  the 
storms  of  the  past. 

All  this  commotion  rose  from  the  fervid  braio  and  heart  of  one 
man,  Henry  Festalozzi,  a  Swiss,  who  was  born  at  Zurich  in  1746. 
Feetalozzi  was  a  loving  enthusiast ;  of  a  most  unpracticfQ  turn  of 
mind ;  always  embarking  in  visionary  schemes  for  the  good  of 
others ;  of  a  lai^  and  noble  heart,  living  a  life  of  poverty  and 
struggle  himself,  but  always  spending  bis  whole  strength  in  efforts 
for  the  welfare  of  the  poor.  He  lived  to  be  eighty-one  years  old, 
and  long  before  his  death  he  had  been  publicly  visited  and 
honoured  by  emperors,  kings,  and  statesmen,  and  bad  seen  his 
ideas  warmly  received  and  widely  spread  over  tbe  continent  of 
Europe,  Feetalozzi  was  much  influenced  in  early  youth  by  reading 
the  "Emile  "  of  Rousseau.  In  1780  and  subsequent  years,  after 
many  failures  in  life,  he  began  to  bring  out  books  on  education. 
The  chief  of  these  were,  "  The  Evening  Hour  of  a  Hermit,"  con- 
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taining  educational  and  religious  aphomms;  and  "Leonard  aad 
Gertrude,"  a  story  to  illuatrate  what  might  be  done  by  a  particular 
method  of  teaching  children.  Theee  and  other  writings  of  his 
excited  great  attention.  He  had  BUcceBBively  different  ecfaoola 
under  hie  management,  in  which  be  developed  his  syetem  by  prac- 
tical experiment.  Finally,  at  Yverdnn,  in  the  year  1805,  he  had 
'  obtained  care  of  an  institution  vhich  has  now  become  a  claeBical 
name  in  the  history  of  ped^ogy. 

Pestalozzi'a  fundamental  idea  was  that  the  children  of  the  poor, 
in  a  pnblic  school,  ahonld  be  taught  as  if  by  an  affectionate  mother, 
who  entered  into  all  their  feelings,  and  anticipated  their  difScnltiee. 
His  conception  was  that  primary  instruction  should  not  coneist  in 
giving  knowledge  verbally,  mechanically,  or  by  rote,  but  in  drawing 
out  the  powers  of  the  child.  He  laid  it  down  that  no  child  should 
be  taught  anything  which  it  could  not  understand.  The  first 
development  of  this  idea  resulted  in  lesaons  upon  form,  number, 
and  language.  At  Yverdun,  Pestalozzi  would  carry  his  class 
through  a  lesson  of  the  following  kind  :— Pointing  to  the  wall,  be 
would  say, — 

"  Boys,  what  do  you  see  \" 

(Annoer)  "  A  bote  in  the  wainscot." 

"  Fery  good  ;  now  repeat  after  me — 

"  I  see  a  hole  in  the  wainscot. 

"  I  see  a  long  hole  in  the  wainscot. 

"  Through  the  hole  I  see  the  wall. 

"  Through  thu  long  narrow  hole  I  see  the  wall. 

"  1  see  figures  on  the  paperhangings, 

"  I  sec  black  figures  on  the  paperhangtngs. 

"  I  see  round  black  figures  on  the  paperhangings. 

"  I  see  a  square  yellow  figure  on  the  paperhangings. 

"  Beside  the  square  yellow  figure,  I  see  a  black  round  figure. 

"  The  square  figure  is  joined  to  the  round  one  by  a  thick  black 
stroke."    And  so  on. 

It  was  said  that  Pestalozzi  used  to  shout  out  sentences  of  this 
kind  without  any  explanation,  and  was  echoed  in  chorus  by  the 
class.  It  is  true  that  words  in  this  way  became  associated  with 
imprMsions  of  the  sense.  But  if  this  were  all,  we  should  say  that 
Pestalozzi  waa  incapable  of  developing  his  own  theoretical  idea. 
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A  trace  of  snch  teaohiog  reached  this  conntiy  in  the  shape  of  the 
Ho-called  "  object  leeaotiB,"  which,  without  much  frait,  weie  once  in 
Togae  in  England. 

Bat  the  Festalozzian  method  had  in  reality  far  greater  reBulta. 
A  swarm  of  enthnsiaatic  assistants,  purfaaps  more  clear-headed 
than  their  master,  oame  to  serve  under  him ;  and  by  them  there 
was  worked  out — 

(1.)  All  sorts  of  methods  for  conveying  in  an  easy  manner  to  the 
child  the  arts  of  spelling,  reading,  ciphering,  and  bo  on. 

(2.)  The  practice  of  a  sort  of  Socratio  dialogue,  for  developing 
the  intelligence  of  the  class  npon  the  subject  of  the  lesson,  what- 
ever it  might  be. 

(3.)  The  idea  of  pedagogy  as  a  science,  based  upon  psychological 
data. 

(4.)  The  idea  that  religion,  which  with  Pestalozzi  was  mode  the 
baaie  of  all,  must  not  be  taught  dogmatically  and  confession  ally, 
but  rather  universally ;  in  short,  that  the  first  teachings  must  be, 
of  natural  religion,  and  not  of  tfae  religion  of  any  Church. 

All  this  was  new,  and  it  had  a  peculiar  fascination  for  several 
of  the  greatest  minds  of  the  age.  When,  in  1806,  FruBsia  was 
crashed  by  Napoleon,  and  vent  through  afflictions  strikingly 
analogous  to  those  that  have  now  befallen  France,  Stein  and 
Fichte,  the  statesman  and  the  philosopher,  botb  earnestly  pro- 
claimed that  the  moral  eneigies  of  the  nation  must  be  regenerated 
by  the  universal  adoption  of  the  Festalozzian  ideas.  Festalozzisn 
schools  were  established  over  the  country,  and  in  subsequent  years 
the  system  was  thoroughly  exploited ;  all  its  strength  and  weak- 
ness were  brought  to  the  full  light  of  trial  and  experience. 

The  reanit  of  fifty  years'  exhibition  and  discussion  of  the  Festa- 
lozzian system  has  been  as  follows : — 

(1.)  There  is  a  considerable  residuum  in  the  shape  of  excellent 
technical  methods  for  teaching  the  elements  of  knowledge.  Thus 
each  child  is  taught  to  read  easily,  alone,  within  twelve  months. 
The  old  plan  of  first  learning  the  names  of  the  letters,  and  then 
spelling,  is  abandoned.  In  arithmetic,  the  child  is  taken  through 
the  operations  of  the  four  rules,  both  in  integers  and  fractions  in 
the  tens,  before  he  reaches  the  hundreds.  The  magnitudes  to  he 
dealt  with  form  the  only  distinction  between  the  classes  in  arith- 
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metic.  These  and  other  methods  are  the  result  of  the  immense 
attentioD  which  has  been  bestowed  on  the  question  of  primary 
teaching. 

(2.)  Public  opinion  has  pronounced  against  mncbthat  was  char< 
acteiistic  of  the  Festalozzian  system.  From  the  principle  that 
ohildren  should  be  taught  nothing  that  the;  could  not  understand, 
there  was  deduced  the  practice  of  much  abstract  and  formal 
leoturing,  totally  unauited  to  children  from  six  to  nice  years  of 
age.  Thus,  lessons  on  the  theory  of  unmber  were  made  to  precede 
empirical  teaching  of  arithmetic.  While  much  stilted  talk  was 
used  both  about  the  children  and  to  the  children,  it  was  found  that, 
in  many  cases,  they  were  suffered  to  go  through  school  without 
learniug  to  read  and  write.  A  general  reaction  set  in  against  the 
idea  of  intelleotual  traioiag  in  common  schools. 

(3.)  This  tendency  of  public  opinion  was  taken  up  and  ratified 
by  the  Government.  Id  October  1854,  Begidative,  or  Minutes  from 
the  Office  of  Public  Instruction  in  Berlin,  were  issued,  which  bear 
a  close  analogy  in  some  points  to  the  revised  code  of  Mr  Lowe. 
The  object  of  these  minutes  was  to  restrict  the  teaching  in  elemen- 
tary schools  to  a  few  humble  and  necessary  subjects,  and  to  ensure 
these  subjects  being  efficiently  taught.  In  direct  opposition  to 
'  Pestalozzi,  the  Stgtiialive  proceeded  on  the  principle  that,  in  an 
elementary  school,  it  is  not  the  object  to  develope  the  child's 
reasoning  faculties,  or  to  give  bim  knowledge,  but  only  to  give  him 
the  power  of  doing  certain  things  ; — Sonnen,  and  not  toiuen,  was 
to  be  the  result  to  be  produced.  The  schools  were  to  turn  out  the 
children  in  possession  of  the  actual  capacities  (/n^Jteifon)  of  reading, 
writing,  and  ordinary  ciphering,  and  everything  outside  of  this  range 
was  to  be  sternly  excluded.  Thus  the  children  were  on  no  account 
to  learn  grammar,  aa  this  is  an  abstract,  logical  thing,  suited  to  the 
high  school;  whereas,  in  an  elementary  school,  children  should 
learn  to  use  their  own  language  correctly  by  practice,  and  not  by 
rales.  Even  mental  arithmetic  was  to  be  excluded,  aa  being  a 
aeedlesa  fatigue  of  the  brain.  Of  secular  subjects,  in  addition  to 
the  three  B-s,  only  singing  was  as  a  general  rule  to  be  tangbt, 
for  the  sake  of  practising  the  voice  and  ear.  Only  church  tunes 
and  national  songs  were  to  be  permitted,  the  words  being  previ- 
ously well  studied  and  explained.     History  and  geography  were 
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diBoooraged ;  if  taught  at  all,  they  must  be  limited  to  SeimaHu- 
karuU,  or  informatioD  about  the  child's  native  land.  Diawing,  if  in- 
troduced, mtiBt  be  coDfined  to  liueor  freehand  copying  from  the  flat. 

fieligion  remained  an  eaaentiol  and  prominent  element  for  the 
people's  schools,  bat  the  Regvlative  made  a  great  change  in  regard 
to  tbe  mode  of  imparting  it.  Under  the  Pestaloizian  system, 
religion  had  been  taught  not  confessioDatlj,  but  aniTeiBallyi  not 
OS  a  matter  of  Church  formulie,  but  in  a  free  and  spiritual  way, 
which,  of  course,  depended  for  its  characteristics  very  much  on  the 
individual  maetcT.  When  the  time  for  confirmation  arrived,  the 
clergyman  would  find  the  children  furnished  with  ideas,  moro  or 
less  orthodox,  of  natural  religion  and  of  Christianity,  but  perhaps 
never  having  seen  the  Church  Catechism,  and  the  labour  would 
devolve  on  him  of  making  them  learn  this.  It  appeared  to  the 
Government  that  the  schools,  though  deuomi national  in  their 
foundation,  were  too  independent  of  tbe  Church  iu  their  religious 
teaching.  Tbe  Regalative,  by  one  stroke,  altered  all  this.  They 
laid  down  exactly  what  was  to  be  taught  in  the  shape  of  religion, 
namely,  some  fifty  hymns  were  to  be  learnt  by  heart,  the  whole  of 
the  gospel  portions  which  are  read  in  the  Lutheran  churches  were 
to  be  committed  to  memory,  and  the  Catechism  (either  Luther's  or 
the  Heidelberg)  was  to  be  learned  off  by  rote,  without  any  explana- 
tion. All  explanation  of  the  doctrine  contained  in  it  was  to  be 
reserved  for  the  pastor,  when  the  time  of  confirmation  drew  nigh. 
By  these  rules,  the  relative  positione  of  the  clergyman  and  the 
schoolmaster  were  completely  subverted.  All  the  charm  of  teaching 
religion  to  the  children  was  taken  away  from  the  roaster,  whose 
taek  was,  in  this  respect,  made  mechanical,  while  ha  himself  was 
made  completely  subordinate  to  the  clergyman. 

The  miuntes  on  religious  teaching  had,  doubtless,  a  political  and 
ecclesiastical  motive,  and  a  reaction  against  them  is  possibly  in 
preparation.  Those  regulating  the  secular  subjects  in  the  people's 
schools  are  a  specimen  of  the  Prussian  Oovemment,  as  a  powerful  de- 
cisive will,  proposing  to  itself  certain  definite  ends,  and  going  straight 
at  these  ends  without  compromiBe  or  collateral  considerations. 

In  the  case  of  the  elementary  schools,  there  can  be  no  doubt 
that  the  end  aimed  at  is  attained;  for  the  schools  embrace  the 
entire  population,  and  the  result  is,  that  the  children  of  every 
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peasoDt  and  Ubourer  have,  as  a  matter  of  courtie,  the  arte  of 
reading,  writing,  and  ojrpbering,  know  the  Charch  formulse  and  a 
good  deal  of  the  Bible,  and  can  take  part  in  ainging  a  hymn  or 
national  chorus. 

Bat  I  think  that  one  misses  in  these  echools  anything  calculated 
to  raise  the  intelligence  of  the  people,  anything  analogous  to  the 
inflnenoe  of  the  parochial  schools  of  Scotland.  The  repression  of 
the  high-flown  Pestalozzian  aapirations  has  been  too  aboolnte. 
The  definition  of  an  elementary  school  has  been  too  logical. 
There  is  nothing  to  lead  on  towards  the  higher  grades  of  education. 
The  people's  school  seems  sharply  separated  off,  and  to  give  the 
children  of  the  people  no  encouragement  or  opportunity  to  riao. 
One  proof  of  this  may  be  found  in  the  fact  that  pupils  who,  at 
fourteen  years  of  age,  have  passed  eight  years  in  the  primary 
school,  and  who  then  have  two  years  farther  preparation  under  a 
public  schoolmaster  or  clergyman,  are,  at  sixteen  yean  of  age, 
commonly  unfit  to  enter  upon  the  very  simple  curriculum  of  the 
training  college. 

It  may  be  asked  whether  industrial  or  teohnical  iuBtiuctioD  does 
not  form  part  of  the  Prussian  Bystem?  But  in  the  ordinary 
people's  sohool  nothing  of  this  kind  is  attempted.  The  Pmesian 
Educational  Department  conceives  that  it  has  a  particular  function 
te  discharge  for  the  people,  and  of  this  it  acquits  itself,  and  does 
no  more.  It  is  argued  that  seven  or  eight  years'  sohooling,  at  the 
rate  of  twenty-eix  hours  per  week,  is  not  more  than  sufficient  for 
imparting  to  all  with  certainty  the  elements  of  common  knowledge 
and  religion,  and  that  any  attempt  at  technical  instruction  would 
only  interfere  with  thia;  and  everything  technical  must  be  leamt 
practically,  or  otherwise,  after  the  age  of  fourteen.  One  means  of 
supplementing  the  meagre  results  of  the  people's  schools,  consists 
in  the  for(-6»Uu«i7nm«(aben,  or  "improvement  schools."  These 
exist  generally  in  the  shape  of  evening  cLaaies  in  mathematics, 
French,  &c.,  for  youths  and  adnlte.  They  have  not  been  organised 
eystematically,  and  even  if  they  were,  could  hardly  supply  the 
want  of  a  more  early  awakening  of  the  intellect 

But,  of  course,  many  children,  and  some  even  of  the  poor,  quit 
the  elementary  school  at  nine  years  of  age,  te  enter  on  the  course 
of  higher  instruction. 
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In  ftll  tbe  dflpaitmenta  of  higher  iiutrnctiOD,  FrusBia  edeniB  to 
me  to  be  distinctly  ahead  of  England,  and  etill  moie  bo  of  Scotland. 
But  I  have  already  take  up  so  mach  of  your  time,  that  I  muet  now 
ooafine  myself  to  a  few  aphorisms  on  this  subject.  lo  Fmssia 
education  is  considered  to  be  so  completely  a  matter  of  national 
concern,  as  always  to  call  for  the  superrision  of  the  State.  No  man 
may  start  a  private  school,  whether  primary,  middle,  or  higher, 
without  a  license  from  the  educational  office.  And  this  license  is 
only  given  after  the  passing  of  prescribed  examinations.  The  too 
common  charlatanry  of  private  schoolmasters  in  England  is  tbns 
avoided.  A  useful  censorship  of  sohoolbooks  is  exercised  by  the 
minister  of  instruction.  By  this  the  crotchets  of  schoolmasters  in 
the  use  of  eccentric  and  useless  books  are  checked. 

The  minister  of  instruction  is  not  only  a  man  of  science  or 
learning  himself,  but  he  has  the  advice  of  coaocillors  of  the  highest 
scientific  and  literary  reputation.  The  opinions  of  snch  a  central 
hoard  on  questions  of  higher  instruotion  are  not  merely  bureau- 
cratic edicts,  but  constitute  a  valuable  iutellectnal  guidance. 

With  regard  to  resources,  the  following  distinction  is  to  be 
observed  in  Prasaia.  The  elementary  schools  get  very  little  money 
from  Government,  only  a  smalt  contribution  from  school  fees,  and 
the  great  bulk  of  their  expenses  from  parish  and  municipal  rating. 
The  support  of  the  higher  schools  of  all  kinds  appear  to  be  as 
follows : — 

From  Fees,  a  proportion  of  5'4 

From  Municipal  assignments,  2 

From  Grants  by  Government,  1-6 

From  Endowmente,  .  .  .  1- 

Thus  the  fees  of  scholars  pay  considerably  more  than  half  the 
cost  of  the  higher  schools.  Municipal  contributions  amount  lo 
one-fifth,  and  grants  from  general  taxation  to  nearly  one-fifth, 
endowments  to  one-tenth.  Fees  in  the  high  schools  are  often 
remitted  wholly  or  partially  on  the  ground  of  the  circumstances  of 
the  parents.  Out  of  abont  90,000  scholars  attending  the  superior 
schools  of  Prussia,  about  20,000  appear  to  be  wholly  or  partially 
free  scholars. 

The  hif^er  education  goes  in  Prussia,  the  more  entirely  does  it 
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become  recognised  as  a  proper  object  for  State  mBintenaDce.  Thus 
the  UDiTeTBlties,  bo  far  as  their  own  resoiiTCes  fall  short,  are  fully 
supplied  hy  the  Qovernment-  The  University  of  Beiliu,  in  the  year 
1864,  had  an  income  of  about  L30,QOO.  Of  this,  L.24  only  was 
the  interest  of  funded  property  of  the  University;  L.11S3  was  the 
amount  of  entrance  and  examination  fees ;  L.28,842  was  the  grant 
from  Government. 

If  we  compare  with  this  the  University  of  Edinburgh,  we  find 
the  income  for  the  current  year  to  be  L.20,S51,  of  which  L.4153 
are  fees  of  various  kinds,  L.9869  funds  from  private  endowments 
and  other  soucces  in  the  hands  of  the  Senatus,  L.G329  parliamen- 
tary grants.  This  shows  how  comparatively  small  is  the  proi>ortion 
of  State  assistance  to  our  University. 

The  higher  schools  of  Prussia  consiBt  of  two  distinct  branches — 
the  Oymnaiim,  or  grammar  schools,  with  their  Pro-Oymnaeien,  or 
preparatory  grammar  schools,  and  the  Real-$chulen,  or  scientific 
schools,  with  the  **  higher  burgher  sofaoolB ''  in  preparation  for 
them.  The  Oymnatieu  are,  of  course,  the  product  of  the  Uiddte 
Ages,  the  Benaissaoce,  and  the  Befoimation.  The  Beal-schvien 
sprang  from  the  modem  protest  on  behalf  of  science  against  the 
predominant  claims  of  classics.  The  Gymnasium  is  a  fiist-rate 
classical  day  school,  with  a  time-tahle  of  30  hours  per  week.  It 
has  six  classes,  Prima  being  the  highest.  The  30  hours  in  Prima 
are  thus  allotted : — Beligion,  2 ;  German,  3 ;  Latin,  8 ;  Greek,  6 ; 
French,  2 ;  History  and  Geography,  3 ;  Uathematics,  4 ;  Physics, 
2.  fiesides  these  school  hours  there  is  extra-time  instmction  in 
singing  and  gymnastics;  and  those  who  propose  subsequently  to 
study  theology  or  philology  in  the  University  are  required  to  learn 
Hebrew,  also  in  extra  hours- 

The  time-table,  though  thus  definitely  prescribed,  is  not  rigidly 
adhered  to ;  for  promising  pupils  in  the  first  class  are  allowed  a 
good  dgol  of  liberty  for  private  study  in  lieu  of  the  stated  lessons. 

Many  enter  the  Gymnasium  irrespective  of  an  intention  to  proceed 
to  the  University,  for  the  sake  of  the  privileges  which  it  holds  out. 
For,  those  who  have  gone  through  the  classes  and  passed  the  leaving 
examination,  besideB  qualifying  for  the  pnhlio  service,  are  allowed 
to  serve  for  one  year  as  Tolunteers  in  the  army,  instead  of  three 
years  according  to  the  ordinary  course. 

DiqitlzscbyGOOqlC 


o/  Edinburgh,  Session  1870-7 1.  329 

But  yet  it  is  endeavoured  to  keep  up  a  thoroughlj  int«lleotukl 
Rtmoephere  in  the  Oymnasient.  The  PruBBtan  GtoTemmeiit  lays  it 
down  that  culture  for  its  own  Bake,  and  not  with  any  premature 
regard  to  the  practical  exigeociea  of  life,  ia  to  be  the  object  of  these 
schools.  And  it  expressly  forbids  that  those  who  propose  to  enter 
the  aimy  as  a  piofesaion,  should  abate  any  of  the  higher  olasaical 
studies  of  the  first  clasS'  This  is  certainly  very  different  ttom  the 
principle  adopted  in  English  public  schools. 

The  crowning  result,  and  the  most  distinctive  feature  of  the 
CymnoMum  is  the  abiturienten-examen,  or  leaving  examination. 
The  certificate  of  having  passed  this  examination  is,  of  course, 
ardently  desired  by  the  pupils,  as  it  is  the  key  to  entty  into  any  of 
the  learned  professions,  and  gives  important  exemption  in  military 
service.  This  being  the  case,  it  may  be  affirmed  that  in  this 
country  an  analogous  examjuation  would  often  lead  to  ovei- 
atrennoUH  preparation  on  the  part  of  the  pupils  when  the  time  of 
the  examination  drew  nigh.  But  the  Fnissian  Government  takes 
the  greatest  care  to  obviate  a  result  which  they  would  deem  utterly 
unsatisfactory.  Tbey  lay  down  the  strictest  rules,  both  in  general 
terms  and  in  detail,  to  prevent  the  ezamiuation  being  of  a  kind  for 
which  any  special  preparation,  spasmodic  efforts,  or  cram  would  be 
of  any  avail.  It  is  by  no  mwns  to  turn  upon  the  learning  up  of 
names,  dates,  and  isolated  facts;  but  it  is  to  exhibit  (as  the 
educational  minute  says)  "  the  slowly  ripened  fruit  of  a  regular  and 
contant  industry  throughout  the  whole  school  course." 

With  this  object,  one  of  the  grounds  for  the  certificate  is  made 
to  consist  in  a  record  of  the  pupil's  work  throughout  perhaps  the 
nine  previous  years  in  all  the  classes  of  the  Gymnasium  from  sexta 
to  prima.  In  addition  to  this,  the  examination  ia  to  show  how 
much  of  the  school  study  has  really  been  assimilated  by  the  pupil, 
and  has  become  part  of  himself.  The  Pruaslans  are  much  wiser 
than  some  other  countries  in  the  matter  of  examinations.  They 
always  keep  iu  view  the  exact  end  tbey  are  aiming  at.  In  the 
abiturienttn-eseamen  they  don't  want  a  paper,  but  a  man ;  and  they 
certainly  adopt  the  best  means  of  testing  the  man's  real  acquire- 
ments and  deserts,  when,  on  the  one  hand,  the  examiners  have 
before  them  a  continuous  record  of  his  previous  work  for  years, 
and,  on  the  other  band,  submit  him  to  such  general  exercises  in 
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l&ng^agea  and  mathematics  ae  ehow  in  each  subject  what  amount 
of  proficiency  he  baa  really  available.  The  examiners  consist  of 
the  npper  masters  of  the  school  itself,  with  certain  commissioners 
from  the  CrOTomment  associated  with  then.  Persons  who  have 
heen  brought  up  in  private  high  schools,  and  who  wish  to  proceed 
to  the  UnivcTsity,  must  present  themselves  at  the  examination  of 
the  Gymoasium,  where  they  will  be  equitably  examined.  But  on 
the  whole  the  public  schools  are  most  popuiai  in  Fruasia,  and  the 
scholars  of  private  schools  are  quite  in  a  minority.  The  paper 
worh  of  the  examination  occupies  a  week.  The  chief  aabjects  aie 
— (1.)  An  essay  in  Gennan,  which  is  intended  to  exhibit  general 
culture,  taste,  and  correct  writing-  It  is  analogons  to  the  English 
composition  in  the  Indian  Civil  Service  competition.  (2.)  A  Latin 
essay.  (3)  A  piece  of  simple  Greek  prose  to  be  written.  (1.)  A 
translation  of  German  into  French-  (5.)  Two  geometrical  and  two 
arithmetical  problems  to  be  solved.  A  viva  voce  examination 
follows,  consisting  of  translation  from  pieces,  not  prepared  in  claea, 
of  the  Latin  and  Greek  authors,  questions  in  metre,  mythology, 
history  combined  with  geography,  and  antiquities;  oanveTsation 
in  Latin ;  examination  in  Bible  bistoTy  and  the  Chnreh  Cate- 
chism ;  and  for  future  philolo^ts  and  theologians,  as  examination 
in  Hebrew. 

The  certificate  which  each  candidate  receives  is  marked  either 
"insufficient,"  " snfSoient,"  "good,"  or  "excellent."  The  mark 
"  insufficient "  is  meant  to  indicate  unripeness  for  the  University. 
The  pupil  receiving  it  is  recommended  to  prolong  his  attendance 
at  school,  or  to  seek  some  other  career  in  life  for  which  University 
study  is  Dot  required.  But  if  he  and  his  parents  wish  it,  he  may 
still  enter  the  University,  with  bis  certificate  of  "  unripeness."  In 
that  case  he  will  be  restricted  to  the  faculty  of  philosophy,  and  not 
allowed  to  enter  any  learned  profession,  unless  he  can,  by  subse- 
quently presenting  himself  at  the  gymnasiol  examination,  obtain 
a  certificate  of  being  "ripe;"  and  in  the  meantime  be  will  be 
debarred  from  holding  any  University  scholarships  or  stipends. 
The  holders  of  favourable  certificates,  with  "good"  or  "excellent" 
for  theii  examination,  and  a  full  record  of  previous  conduct  and 
perfonnaDces,  carry  with  tbem  an  important  testimonial  for  the 
outset  of  life^ 
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In  all  theae  airangementB  of  tbe  leaving  esamiaation  of  high 
scbook,  we  Bee,  I  tblDk,  that  Pruaeia  dares  to  be  thorough  in  a 
matter  of  this  kind.  She  insiatB  that  high  scboola  slionld  do  their 
work,  and  by  giving  the  DuiverBities,  the  public  serrice,  and  the 
learned  profeBdoas  'an  organic  conDectioD  with  these  achools,  she 
makes  it  a  very  serious  matter  for  aQ  the  pupils  to  take  advantage 
of  their  opportunities.  Witbont  any  apparent  strain  upon  tbe 
pnpils,  she  sacceeds  in  obtaining  a  higher  standard  of  results  from 
school  boys  than  ie  implied  in  tbe  ordinary  M.A.  degree  of  the 
Scotch  univereitieB,  or  tbe  ordinary  fi.A.  degree  of  Oxford  or 
Cambridge. 

Of  the  &eal-Khv.Un,  or  scientific  schools,  I  have  not  much  to  say. 
Started  originally  more  than  a  hundred  years  ago,  it  is  only  within 
the  last  fifty  years  that  they  have  bad  a  considerable  development. 
Of  the  90,000  pupils  attendant  on  Becondary  Bchools  in  Fruseia, 
about  30,000  appear  to  go  to  the  Beal-tchvlen  or  their  preparatotiee. 
Theee  ecfaools  do  not  prepare  for  the  universities,  but  for  businesB, 
certain  departments  of  tbe  public  service  (such  as  architecture  or 
mining),  and  for  the  Polytechnic  College. 

The  time-table  for  Prima  in  a  Real-tchule  consists  of  thirty-two 
boors,  made  up  as  follows  : — Beligion,  2 ;  German,  3 ;  Latin,  3 ; 
French,  4;  EDglish,  3;  Geography  and  History,  3;  Natural  Sciences, 
6 ;  Uatbematice,  5 ;  Drawing,  3.  Latin,  however,  is  not  insisted 
on,  and  a  liberty  is  left  to  the  school  delegacy  of  adjusting  the 
subjects  in  some  degree  to  the  DecesBities  of  the  immediate  neigh- 
bouriiood,  with  reference  either  to  particular  languages  or  parti- 
cular industries,  that  may  exist.  A  suitable  leaving  examination 
is  prescribed,  qualifying  the  holders  of  certificates  for  military 
exemption  and  for  the  public  service. 

An  eminent  authority,  Dr  Jikger,  told  Dr  Matthew  Arnold  that 
the  Real-sckuUn  were  not  considered  successful  institutions.  He 
said  that  tbe  boys  in  corresponding  classes  of  tbe  classical  schools 
beat  the  Btai-tehvle  boys  in  subjects  which  both  do  alike,  such  as 
history,  geography,  German,  and  even  frencb,  on  which  the  Real- 
*dmle  boys  spend  much  more  time.  Dr  Jager  assigned  as  tbe 
cause  for  this  result  that  classical  training  strengtbens  a  boy's 
mind  more  than  modem  or  scientific  teacbiog.  I  confess,  how- 
ever, that  I  think  tbe  comparison,  as  stated,  not  quite  complete, 
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fts  ID  matters  not  coDnected  with  laoguage  and  history  the  B«ai- 
»eh*de  boys  might  be  found  to  bavo  faculties  of  observation  and 
deduction  to  which  the  classioal  boys  would  be  strangers.  I  merely 
state  what  has  been  said. 

Tnrning  now  to  the  universities  of  Fmssia,  we  find  ourselves  in 
the  region  of  pure  unfettered  soience.  The  ahitwnenien-exatMn  of 
the  claseical  sobools  gives  the  univerBities  sucH  a  starting  ground 
in  the  thorough  previous  education  of  all  the  students  who  matri- 
culate, that  they  are  able  to  commence  the  treatment  of  all  subjects 
on  a  high  scientific  level,  in  confidence  that  such  a  mode  of  treat- 
ment will  be  followed  and  understood. 

The  appointments  of  professors  are  invariably  made,  eo  far  as  I 
can  learn,  on  the  grounds  of  greatest  scientific  eminence.  The 
appointments  are  all  in  the  hands  of  the  Crown — that  is,  of  the 
minister  of  instruction.  When  a  vacancy  occurs,  the  faculty  to 
which  the  chair  belongs  sends  up  a  short  leet  of  names  to  be  recom- 
mended to  the  miuister,  and  from  these  he  generally  makes  the 
appointment.  But  I  believe  that  the  name  chosen  is  always  that 
of  the  nan  whom  previous  public  performances  and  general  opinion 
in  the  scientific  world  have  designated  for  the  place.  I  believe 
that  anything  like  political  or  theological  bias  in  the  appointment 
of  professors  is  unheard  of.  Other  personal  considerations  (which 
might  be  more  plausibly  entertained)  are  also  omitted,  such  as 
power  of  clear  exposition  and  capacity  for  managing  a  class. 
Hence  it  may  happen  that  the  professor,  when  appointed,  is  obscure 
in  style  and  unattractive  as  a  lecturer;  but  the  students  have,  at 
all  events,  the  feeling  that  in  him  they  have  the  greatest  authority 
that  could  be  found  on  the  particular  subject.  And  there  is  in 
Q«nnan  universities  a  general  consciousness  that  it  is  better  to 
have  the  last  and  most  reliable  results  in  science  than  to  have  a 
popular  exposition  of  what  is  old  and  perhaps  exploded.  The 
professor  has  a  fixed  salary  from  Government,  frequently  amounting 
to  L.350  or  L.400  a  year,  in  addition  to  a  share  of  examination  fees 
and  the  fees  of  his  class.  But  he  is  bound  to  lecture  free  of  charge 
twice  a  week.  The  fees  in  theology  or  philosophy  are  about  I7s. 
for  the  six  months.  In  the  medical  classea  they  go  as  high  as 
L.l,  14s.  5d.  for  the  course.  Several  professors  have  altogether  an 
income  of  from  L.IOOO  to  L.ISOO  a  jear,  which,  in  proportion  to 
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ordiDary  rates  of  expenditure  in  Germeny,  is  somethiDg  consider- 
able. We  all  know  that  the  beadmaBt«r8  of  Eton  and  Rugby 
realise  L.4000  or  L.5000  per  annum,  which  is  prohably  superior  to 
most  university  emoluments  within  the  United  Kingdom.  Bnt  no- 
thing of  the  kind  occurs  in  Prussia ;  the  highest  Bchoolmastersbipa 
are  below,  both  in  rank  and  emolument,  the  ordinary  run  of  professor- 
ships. The  best  school  appointment  iu  Prussia  appears  to  be  the 
rectorship  of  the  Sehvl-Pforta,  an  endowed  gymnasinm  In  FrusNian 
Saxony ;  to  this  L.300  per  annum  and  a  house  are  attached.  The 
profesBoiB,  being  fairly  endowed  by  Government,  are  far  from  being 
sheltered  from  competition  by  any  kind  of  monopoly.  The  State 
can  always  appoint  any  eminent  man  as  full  professor,  even  in  a 
faculty  which  has  already  its  fall  complement.  Then,  secondly, 
the  State  at  its  pleasure  appoints  extraordinary  or  assistant  pro- 
fessors,  who  have  a  small  salary,  their  chief  reliance  being  on  fees. 
Thirdly,  the  Faculties  appoint  as  PTivat-docmten  persons  who  can 
prove  their  fitness.  The  Prioat-doetnttn  appear  not  to  fulfil  the 
functions  of  what  we  sbonld  call  tutors,  but  rather  to  be  analogous 
to  our  extra- academical  lecturers  in  the  Medical  Faculty.  The 
Privat-doet^en  and  the  extraordinary  professors  form  a  reserve  of 
men,  establishing  their  repatatione,  from  whom  the  future  full  pro- 
fessors will  be  chosen.  Before  the  beginning  of  the  session  a 
harmonious  arrangement  is  made  between  the  professors,  extra- 
ordinary professors,  and  Frival-doettdtn,  in  a  Faculty,  as  to  the 
subjects  on  which  each  is  to  lecture,  so  as  to  cover  the  whole  field 
of  instruction  proper  to  tbe  Faculty.  The  dean  then  publisbee  the 
programme,  and  the  only  restriction  is  that  tbe  fees  must  be 
nniform. 

There  is,  in  short,  absolute  liberty  of  teaching  to  those  who  can 
prove  their  competent  knowledge  of  any  subject;  and  there  is 
equal  liberty  of  learning,  for  no  student  is  obliged  to  attend  any 
particular  courses,  or  number  of  lectares,  with  a  view  to  his  degree. 
All  that  general  culture  which  we  endeavour  to  ensure  by  our  Arta 
curriculum  is  provided  in  Prussia  beforehand  by  the  ahitunenlen- 
examtn,  and  the  student  is  considered  fit  to  choose  absolutely  for 
himselfbisown  University  curriculum.  IntheprofessionalFacultiea 
he,  of  course,  cannot  dispense  with  instruction  in  all  the  separate 
branches ;  but  in  the  Faculty  of  Philosophy,  which  anewers  to  our 
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Facnity  of  Arts,  and  embracee  the  humaDities  and  the  mathematical 
and  natural  eciences,  the  etudeut  is  allowed  to  choose  any  two  sub- 
jects he  likes  for  his  final  examination ;  and  ir  he  passes  in  these, 
he  get«  his  degree  as  Doctor  of  Fhiiosophy.  To  pass,  however,  in 
any  subject  is  supposed  to  imply,  not  a  schoolboy  preparation,  but 
a  manly  mastery  of  the  whole  subject.  For  instance,  in  order  to 
pass  in  Greek  and  Latin  philology  a  student  would  be  called  on  to 
revise  the  readings  in  some  G-reek  or  Latin  book,  with  scholarly 
reasons  for  all  his  opinions  on  each  point,  and,  in  addition,  to  show, 
viva  voce,  a  complete  knowledge  of  classical  literature,  philology, 
and  antiquities.  The  liberty  allowed  to  students  is  donlitless  often 
abused.  In  a  recent  life  of  the  Count  von  Bismarck  it  is  men- 
tioned that,  while  attending  the  UniverHicy  of  Berlin,  be  fought 
innumerable  duels,  and  only  attended  one  lecture.  That  lecture 
was  by  tbe  eminent  Professor  Savtgny;  but  Bismarck,  thinking 
tliat  he  did  not  gain  within  the  hour  as  much  information  as  would 
suit  bis  purposes,  abandoned  tbe  coarse,  and  applied  himself  to  a 
TtpttttoT  or  crammer,  by  whose  assistance  be  succeeded  in  passing 
the  examination  of  the  Law  Faculty. 

On  the  whole,  there  is  probably  not  so  much  industry  among  tbe 
students  of  a  German  as  of  a  Scotch  University;  but  there  is  far 
more  than  at  Oxford  or  Cambridge.  And  whenever  industry  exists, 
being  based  on  more  complete  previous  preparation,  and  being  in 
relation  to  really  scientific  lectures,  it  is  probably  of  a  higher  and 
more  fmitfnl  kind  than  can  be  found  among  the  students  of  Great 
Britain. 

Still,  complaints  are  made  against  the  Prussian  university 
system.  One  of  these  is,  that  the  students  are  too  exclusively 
engaged  in  taking  notes  of  lectures,  and  that  they  have  loo  little 
practice  of  their  creative  faculties.  The  prejudicial  effects  of  this 
may,  perhaps,  be  traced  in  the  want  of  the  graces  of  style  which 
characterises  to  so  great  on  extent  most  German  books. 

Another  complaint  is,  that  the  stndenta.  though  syetomatically 
prepared  up  to  entrance  into  the  university,  are  afterwards  left 
without  sufficient  guidance  as  to  the  order  in  which  they  should 
take  up  successive  subjects. 

It  is  quite  possible  that  Prussia,  which  honestly  and  thoroughly 
desires  the  best  in  education,  may  descend  a  little  from  the  clouds 
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ID  ite  uuivertiity  system,  and  deign  to  adopt  sometbing  like  tbe 
Little-go  or  Moderations  examination  of  the  English  nniversities, 
thDiigh  such  an  examination  in  Frusaia  would  be,  of  course,  on  a 
distinctly  higher  level.  Prussia  might,  perhaps,  with  advantage 
curtail  a  little  the  liberty  of  her  universities,  and  increase  a  little 
the  liberty  of  her  primary  Bchoola,  in  respect  both  of  studies  and 
management.  She  might  allow  a  more  easy  and  natural  connec- 
tion than  appears  to  exist  between  the  primary  school  and  higlier 
education.  She  would  like  also  to  see  a  gradual  relaxing  of  the 
leading  airings  of  Government,  and  a  greater  development  of  cul- 
tivated local  energies.  It  would  be  a  great  misfortune  for  tbe  new- 
born German  empire  if  military  successes  should  be  found  to  have 
intensified  the  centralising  forces  in  all  tbe  affairs  of  national  life. 
The  Liberals  appear  sanguine  that  this  will  not  be  the  case.  £ut 
a  struggle  on  questions  of  Internal  policy  may  very  likely  succeed 
the  cunflictit  of  the  war.  Id  the  meanwhile,  on  tbe  educational 
question  Germany  and  England  hold  positions  the  very  opposite 
of  each  other.  In  Germany  there  is  the  idea  of  what  is  wanted, 
and  a  universal  cnrrying  out  of  that  idea.  £ut  too  much  comes 
from  the  central  power.  There  is  a  deficiency  of  communal  life 
and  independent  individual  action.  The  question  with  Germany 
is  how  to  shift,  without  losing,  tbe  motive  power.  In  England 
there  ie  abundant  local  action  and  vitality,  but  a  deficiency  in  cul- 
tivated guidance  for  that  action.  There  is  with  ns  an  immense  lee- 
way to  make  up,  both  in  overtaking,  with  primary  instruction  tbe 
moBses  of  the  people,  and  also  quite  oh  much  in  regulating  and 
defining  the  aims  and  the  method  of  secondary  and  university 
education.  The  great  question  for  England  in  this  matter  seems 
to.  be,  first,  how  to  get  over  religious  difficulties  in  tbe  way  of 
primury  instruction;  and,  secondly,  how  to  obtain  a  sufficiently 
enlightened  guidance  fur  our  higher  education,  without  adopting, 
which  all  ought  to  deprecate,  anything  like  a  bureaucratic  Bystem. 
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Od  the  Physiology  of  WiDga:  being  an  Analysis  of  tlie 
MovementB  by  which  Flight  is  produced  in  the  Insect,  Bat, 
and  Bird.  By  James  Bell  Pettigrew,M.D.,F.R.S.  Com- 
municated by  Professor  Turner. 

(Abelract.) 
(Received  2d  August  1870.) 
Id  the  pretsent  memoiT  the  author  enters  very  fully  into  the 
Jigure-qf-8  taave  movementi,  described  by  the  wing  in  space,  to  which 
he  first  directed  attentioa  in  March  18G7.*  He  has  adduced  the 
ezperimentH  with  natural  and  artificial  vnngi,  OQ  which  his  descrip- 
tion was  originally  based,  and  has  shown,  by  the  aid  ai  original 
models  and  a  large  number  of  diagrams  and  drawings,  that  artificial 
wingt  can  be  made  to  approach  indefinitely  near  to  natural  one; 
not  only  in  their  structure,  but  also  in  their  movements.  He 
further  points  out  that  the  fins  and  tail  of  the  fish — the  flippers 
and  caudal  extremity  of  the  whale,  dngong,  manatee,  and  porpoise, 
and  tlie  flippers  of  the  seal,  sea  bear,  walrus,  and  turtle — bear  a 
close  analogy  to  wings,  and  ought  to  be  studied  in  connection  with 
them.  As  further  proof  that  the  wing  describes  a  figure-of-8  wave- 
traok  in  flight,  the  author  cites  the  results  announced  in  February 
1869  by  Professor  J.  B.  Marey,  of  Paris-f 

*  Vide  "  The  Varioni  Hodes  of  Flight  in  Relation  to  A«roDaatic» : "  by  the 
Author  in  the  "  Proceedings  of  the  Rojal  Instilatios  ot  Great  Britain  for 
Harch  22, 1867 ;  "  also  his  memoir  "  On  the  Mechanical  Appliances  bj  which 
Flight  is  attained  in  the  Animal  Kingdom,"  read  to  the  Linnean  Bociety  of 
London  on  the  6th  and  20[h  of  June  18ST,  and  pnblished  m  extmra  in  the 
26th  volume  of  their  Transactions,  a  large  number  of  woodcnta  and  engrav- 
ingi  being  speciallj  devoted  to  the  elucidation  of  the  flgure-of-8  wave  track 
made  b;  the  wing  as  obserTod  in  tbe  flight  of  the  insect,  bat,  and  bird. 

t  "  Kevue  dea  Cours  ScientiliqaeB  de  la  France  el  de  I'Etranger."  Professor 
Harejr,  iDaletteraddressed  to  tbe  French  Academjr.nnder  date  Hay  16, 1870, 
full;  acknowledges  the  author's  claim  Co  priority  (as  regards  himself)  in  the 
dlBcoietjot  Ihe^gure-of-Btcaeemoeemenliniailebylhtmngm/lying.  M.  Marey. 
in  the  letter  referred  to,  states  ("  Comptes  Bendus,"  page  1093,  May  16. 
1870),  '■  J'ai  constats  qu'  elTectivement  M.  Pettigrew  a  vo  avant  moi,  et 
toptiaeaU  dans  son  M6motre,lafarme  en  8  dn  parcours  de  railedel'iniecte: 
qae  la  methode  optique  k  laqaelle  j'avaia  recoura  est  1  pen  pr^  identiqne  k 

la  sicnne je  m'  emprcase  de  satigfaire  i  cette  demande  legitime, 

et  je  laiese  entiirement  la  priority  snr  moi.  a  M.  Pettigrew  relativement  ft  la 
nncstinn  ainsi  restreinte," 
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Frofeasor  Uarey,  by  employing  a  aphygiDogisph  Bimilar  to 
Ibat  used  for  ascertaining  the  8tat«  of  the  puUe,  succeeded  in 
causing  the  wings  of  insects  and  birds  to  register  their  onn  move- 
mente.  He  Bays : — "  But  if  the  frequency  of  the  movemeDts  of 
"  the  wing  vary,  the/orm  does  not  vary.  It  ia  invariably  the  same; 
"  it  is  always  a  double  loop,  a  figttn  of  8.  Whether  this  figure  be 
"more  or  less  apparent,  whether  its  branches  be  more  or  Jess  equal, 
"  matters  little;  it  sxists,  and  an  attentive -examination  will  not  fail 
"  to  reveal  it."  * 

The  subjoined  are  a  few  of  the  results  obtained  by  the  author  in 
the  course  of  his  nnmerous  observatione  and  experiments: — 

The  wJDg  is  of  a  generally  triangular  form.  It  is  finely  gradu- 
ated, and  tapers  from  the  root  towards  the  tip,  and  from  the  anterior 
margin  towards  the  posterior  margin.  It  is  likewise  slightly  twisted 
npon  itself,  and  tbis  remark  holds  true  also  of  the  primary  or  rowing 
feathers  of  the  wing  of  the  bird.  The  wing  is  conves  above  and 
concave  below,  this  shape,  and  the  fact  that  in  flight  the  wing  is 
carried  obliquely  forward  like  a  kite,  enabling  it  to  penetrate  the 
air  with  its  dorsal  surface  during  the  op  stroke,  and  to  seize  it  with 
its  ventral  one  alike  during  tbedown  and  up  strokes.  The  same  re- 
mark applies  to  the  remiges  or  rowing  feathers  of  the  wing  of  the 
bird. 

The  wing  is  moveable  in  all  its  parts;  it  is  also  elastic.  Its 
power  of  changing  form  enables  it  to  be  wielded  intelligently,  even 
to  its  extremity;  its  elasticity  prevents  shock,  and  contributes  to 
its  continued  play.  The  wing  of  the  insect  is  usually  in  one 
piece,t  that  of  the  bat  and  bird  always  in  several.  The  curtain  of 
the  wing  is  continuous  in  the  bat,  because  of  a  delicate  elastic 
membrane  which  extends  between  the  fingers  of  the  band  and  along 
the  arm ;  that  of  the  bird  is  no n -continuous,  owing  to  the  presence 
of  feathers,  which  open  and  close  like  so  many  valves  during  the  up 
and  down  strokes. 

The  posterior  margin  of  the  wing  of  the  insect,  bat,  and  bird,  is 
rotated  downwardt  and  foneards  during  extension,  and  uptoardi 

*  Bevue  des  Conre  Scieotiflques  <le  la  France  et  de  I'Etranger,  p.  £S2. 
SOth  March  1869. 

+  The  wingB  of  the  beetles  are  jointed,  »o  that  (liey  can  tie  folded  np 
honeath  the  eljtra  or  wing  caaea. 
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and  backvMrd*  dniing  flesioD.  The  wing  dtiriDg  ils  vibration 
deBcends  farther  below  the  body  tliao  it  rises  above  it.  This  JB 
Decees&ry  for  elevating  purposes. 

The  distal  portion  of  the  posterior  mugiD  of  the  wing  of  the 
insect  is  twisted  in  a  downward  and  forward  directum  at  the  end 
of  tfae  down  stroke,  whereas,  at  the  end  of  the  up  stroke  it  is 
twilfcd  downwards  and  bacJeuxirdi.  The  proximal  portion  of  the 
posterior  margin  always  assumes  a  rereTse  position  to  that  occupied 
by  the  distal  portion,  so  ihat  the  posterior  and  auterior  margins  of 
the  wing  are  not  in  the  same  plane,  and  in  certain  situations  the 
two  margins  appear  to  cross  each  other.  What  is  liere  said  of 
the  insect's  wing  applies  equally  to  the  wings  of  the  bat  and 
bird. 

The  wing  during  its  vibrations  tmttt  and  unlwitla,  so  that  it  acts 
as  a  reversing  reciprocating  screw.  The  wing  ie  consequently  a 
screw  alrueturallt/  and/uncfionafly. 

The  blur  or  impression  produced  on  the  eye  by  the  rapidly 
oscillating  vring  m  twisted  vporiUtelf  and  resembles  the  blade  of  an 
ordinary  screw  propeller. 

The  twisted  configuration  of  the  wing  and  its  screwing  actjon 
are  due  to  the  presence  of  Jigure-of  8  looped  eurvea  on  its  anterior  and 
posterior  mai^s;  these  curven,  when  the  wing  is  vibrating,  re- 
versing and  reciprocating  in  such  a  manner  as  to  make  the  wing 
change  form  in  all  its  parts.  The  curves  in  question  are  produced  to 
a  great  extent  by  vital  movements,  independently  alike  of  the  elas- 
ticity of  the  wing  and  the  reaction  of  the  air.  They  can,  however, 
be  produced  by  the  latter  agencies  likewise.  The  change  and 
reversal  of  the  curves  oocurring  on  the  anterior  and  posterior 
margins  cause  the  difTerent  portions  of  the  wing  to  strike  at  various 
angles  daring  the  down  arjd  up  strokes. 

The  angles  which  the  different  parte  of  the  wing  make  with  the 
horizon  are  greatest  towards  the  root,  and  least  towards  the  tip  of 
the  wing.  The  angles  are,  in  fact,  adjusted  to  tbe  speed  at  which 
the  different  portions  of  the  wing  (ravrl — a  large  angle  with  a  low 
speed  giving  tbe  same  amount  of  buoying  and  propelling  power  as 
a  small  angle  with  a  high  speed. 

The  Bjteed  attained  by  tbe  lip  of  the  wing  is  aUaye  very  much 
higher  than  that  attained  by  tho^e  portions  nearer  tbe  root — the 
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root  coreespondiog  to  the  thort  axis  of  rotation.  (The  long  axis  of 
rotation  runs  along  the  anterior  margin  of  the  wing.) 

The  angles  which  the  wing  makes  with  the  horizon  are  increaaed 
duriog  the  down  stroke,  and  decreased  during  the  up  atroke,  the 
posterior  margin  of  the  wing  being  screwed  down  upon  the  air 
during  the  down  stroke  to  increase  the  elevatiug  aud  propelling 
power  of  the  wing,  and  unscrewed  or  withdrawn  from  the  air  during 
the  up  stroke  to  afford  support,  and  assist  in  propulsion. 

The  wing,  in  virtue  of  the  Tariations  of  inclination  of  different 
parts  of  its  surface,  acts  as  a  true  kite  during  both  the  down  and  up 
strokes,  i-e.,  it  flies  down  and  up  alternately  in  such  a  manner  as  to 
keep  its  ventral  coDcavB  or  biting  surface  always  closely  applied 
to  the  air.  The  wing  is,  therefore,  effective  during  both  the  dovm 
and  up  riroka,  so  that  it  is  a  mistake  to  regard  the  down  stroke  as 
alone  contributing  to  flight.  In  reality  the  down  and  up  strokes 
are  parts  of  one  movement,  the  wing  describing  first  a  looped  and 
then  a  wave  track. 

The  tip  of  the  wing  in  especial  acta  as  a  kite  during  the  up 
stroke,  the  kite  being  inclined  upwards,  forwards,  and  outwards. 

The  kite  formed  by  the  wing  differs  from  the  boy's  kite  in 
being  capable  of  change  of  form  in  all  its  parts.  The  change  of 
form  of  tbe  wing  is  rendered  necessary  by  the  fact,  that  the  wing  is 
articulated  or  hinged  at  its  root  (short  axis),  its  different  parts,  as  a 
consequence,  travelling  at  various  degrees  of  speed  in  proportion 
as  they  are  removed  from  the  axis  of  rotation.  It  is  also  practi- 
cally hiiiged  along  its  auterior  margin  (long  axis),  bo  that  the  tip 
travels  at  a  higher  speed  than  tbe  root,  and  tbe  posterior  margin 
thaD  the  auterior.  Tbe  compound  rotation  and  varying  degree  of 
speed  attained  by  the  different  parts  of  tbe  wing  has  tbe  effect 
of  twisting  the  wing  upon  its  long  axis,  and  producing  a  variety  of 
kite-like  surfaces  calculated  to  operate  effectually  upon  Hie  air, 
whatever  the  position  of  tbe  wing  may  be. 

The  wing,  when  tbe  flying  animal  is  fixed  or  hovering  steadily 
before  an  object,  describes  a  figure-of-8  wave  track  in  space, — the 
figure-of-S,  when  the  animal  flies  in  a  horizontal  direction,  being 
opened  out  or  unravelled  to  form  first  a  looped  and  then  a  waved 
track. 

Id  horizontal  flight  the  wing  describes  a  series  of  large  waves  or 
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ourres,  the  body  describing  a  eeriea  of  smaller  and  opposite  cnrvee, 
the  wing  always  rieing  wbeD  the  body  falle,  aod  vice  vena.     The  ' 
descent  of  the  wiog  in  this  manner  neceseitatea  the  elevation  of  the 
body,  and  the  descent  of  the  body  contributes  to  the  elevation  of 
the  wing. 

The  wing  elevates  the  body  when  it  descends,  and  the  body, 
when  elevated,  falls  forwards  in  a  curve,  and  so  contributes  to  the 
elevation  of  the  wing.  This  arrangement  draws  the  wing  forward 
upon  the  air  during  the  up  stroke,  and  opposes  the  direct  down- 
ward action  of  gravity  by  presenting  the  concave  or  biting  surface 
obliquely  to  the  air  in  the  direction  of  the  travel  of  the  body. 
The  under  surface  of  the  wing  is  thus  made  to  act  aa  a  true  kite 
during  the  up  stroke. 

The  wing  is  urged  at  different  velocities,  the  power.applied  being 
much  greater  during  the  down  stroke  than  during  the  up  one. 
The  power  is  also  greater  at  the  beginning  of  the  down  and  up 
strokes  than  towards  the  termination  of  those  act«.  The  variation 
in  the  intensity  of  the  driving  power  is  necessary  to  slow  the  wing 
towards  the  termination  of  the  down  stroke,  to  prepare  it  for  the 
up  stroke,  and  to  afford  the  air  an  opportunity  of  reacting  on  the 
under  surface  of  the  wing,  to  the  elevation  of  which  it  contributes. 
TJie  wiog  is  elevated  more  slowly  than  it  is  depressed,  and  allows 
the  body  time  to  fall  downwards,  the  fall  of  the  body  assisting  in 
elevating  the  wiog  relatively  to  the  bird.  The  wing,  the  air,  and  the 
weight  of  the  body,  are  consequently  active  and  passive  by  turns. 

The  wing  is  depressed  by  voluntary  muscular  efforts.  It  is 
elevated  by  vital,  and  mechanical  acts,  viz.,  by  the  contraction  of 
the  elevator  muscles  and  elastic  ligaments,  by  the  reaction  of  the 
air  called  into  play  by  the  fall  and  forward  travel  of  the  body. 

If  the  wing  is  in  one  piece,  it  is  made  to  vibrate  figare-of-6 
fashion  in  a  more  or  less  horizontal  direclioti.  It  thus  attacks  the 
air  by  a  series  of  zig-zag  movements,  very  similar  to  those  per- 
formed by  an  overloaded  dray-horse  when  ascending  a  hill.  If  the 
wing  is  in  more  than  one  piece,  it  is  made  to  oscillate  in  a  more 
or  less  vertical  direeti(m ;  the  wing,  under  these  circumstances,  being 
usually  dosed  during  the  upstroke  and  opened  out  during  the  down 
stroke.  The  wing  is  closed  and  its  area  diminished  during  the 
up  stroke,  expressly  to  avoid  the  resistance  of  the  air. 
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The  wing  of  the  insect  is,  in  some  cases  (the  wasp,  for  inataDce), 
folded  upoD  itself  during  tbe  back  stroke  to  avoid  the  Teaiatance  of 
the  air ;  in  other  cases,  when  two  paira  of  wings  are  present  (the 
butterfly,  for  example),  the  first  pair  of  wings  ia  made  to  overlap 
the  second  pair  for  a  similar  purpoae. 

When  the  wing  is  in  one  piece,  and  made  to  vihrate  in  a  more  or 
less  horizontal  direction,  it  ia  followed  in  its  passage  from  right  to  left 
by  a  current  which  the  wing  meets  in  ita  passage  from  left  to  right. 
When  the  wing  paasea  from  left  to  right  it  is  followed  by  a  current 
which  the  wing  meets  in  ita  passage  from  right  to  left,  and  so  on. 
The  wing  baa  therefore  the  power  of  creating  the  current  on  which 
it  riaes. 

When  the  wing  is  in  several  pieces,  and  made  to  vibrate  more  or 
less  vertically,  one  portion  of  the  pinion  (during  the  acts  of  exten- 
sion and  flexion)  makes  a  current  which  another  portion  utilises. 
Thus  the  tip  and  root  of  the  wing  (hand  and  arm)  make  a  current 
during  extension  on  which  the  middle  part  of  the  wing  (fore-arm) 
acta  during  flexion,  and  the  reverae.  Thia  arrangement  begeta  a 
cross  pulaation,  and  extends  in  the  bird  even  to  the  primary  and 
secondary  feathers.  The  wing  may  thua  be  said  to  rise  upon  a 
whirlwind  of  ita  own  forming. 

The  wing  hae  the  power  of  producing  artificial  currents,  and  of 
utilising  and  avoiding  natural  currents,  so  that  it  is  equally  adapted 
for  flying  in  a  calm  and  in  a  storm.  As  the  wing  (or  parts  of  the 
wing)  strikes  in  opposite  directions,  it  in  this  manner  reciprocates, 
the  down  stroke  running  into  and  contributing  indirectly  to  the 
efQcacy  of  the  up  stroke,  and  the  reverae.  The  down  and  up  strokes 
consequently  form  one  continuous  act,  and  neither  is  complete 
without  the  other.  The  down  stroke  produces  the  current  on 
which  the  wing  operates  during  the  up  stroke,  and  vice  vena. 

The  reciprocation  of  the  wing  is  most  perfect  when  the  animal 
is  fixed  in  one  spot,  and  least  perfect  when  it  is  flying  at  a  high 
horizontal  speed.  It  is,  however,  a  matter  of  indiS'erence  whether 
the  wing  attacks  the  air  or  the  air  attacks  the  wing,  so  long  as  a 
eufBcient  quantity  of  air  is  worked  up  under  the  wing  in  any  given 
time. 

The  wing  of  the  bat  and  bird  aro  drawn  towards  the  body  and 
flexed  at  the  termination  of  the   down  stroke  to  destroy  the 
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momentum  acquired  b;  the  pinion  during  its  descent,  and  to 
prepare  it  for  making  the  up  stroke.  It  is  elevated  as  a  thort  U«tr 
to  avoid  the  resistance  of  the  air,  and  pushed  away  from  the  bod;  or 
extended  towards  the  end  of  the  up  stroke  to  prepare  it  foi  making 
the  down  stroke.  It  is  depressed  with  great  energy  as  a  long 
lever,  and  hence  the  greater  elevating  and  propelling  power  of 
the  down  as  compared  with  the  up  stroke. 

When  the  bat  and  bird  are  stationary,  the  tip  of  the  wing,  froni 
its  alternately  darting  out  and  in,  and  forwards  and  backwards, 
(luring  extension  and  flexion,  and  during  the  down  and  up 
strokes,  describes  an  ellipse,  the  axis  of  which  is  inclined  obliquely 
upuiarda  and  forwards.  When  the  bat  and  bird  are  progressing  at 
a  high  speed,  the  axis  of  the  ellipse  is  inclined  obliquely  down- 
ward* and  forwards,  the  ellipse  itself  being  converted  into  a  spiral 
and  then  a  wave  line.  The  outward  and  forward  (extension)  and 
inward  and  backward  (flexion)  play  of  the  pinion  contributes  to  tlie 
balancing  power  of  the  bat  and  bird,  as  it  augments  the  horizontal 
area  of  support. 

The  wing  of  the  insect  is  recovered  or  drawn  towards  the  body, 
and  that  of  the  bat  and  bird  recovered,  flexed,  and  slightly  elevated 
by  the  action  of  elastic  ligaments.  Those  ligaments,  by  their  con- 
traction, conserve  and  interrupt  muscnlar  efforts  without  destroying 
continuity  of  motion. 

The  elastic  ligaments  are  in  many  cases  furnished  with  muscular 
fibres,  and  are  most  highly  differentiated  in  those  animals  whose 
wings  vibrate  the  quickest. 

The  primary,  secondary,  and  tertiary  feathers  of  the  niug  of  the 
bird  are  geared  to  each  other  by  fibrous  structures  in  such  a 
luaanei  that  the  feathers  are  made  to  rotate  in  one  direction  during 
flexion,  and  in  another  and  opposite  direction  dnring  extension. 
The  double  rotation  of  the  feathers  in  question  confers  a  distinctly 
valvular  action  on  the  wing  of  the  bird. 

The  under  surface  of  the  wing  of  the  bat  and  bird  is  thrown  into 
a  beautiful  aich  during  extension  and  the  down  stroke,  the  arch 
being  so  formed  that  its  tension  increases  according  to  tbe  pressure 
applied. 

The  wing  is  inserted  into  tbe  upper  part  of  the  thorax,  and 
balances  the  body  by  playing  alternately  above,  beneath,  and  on  a 
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level  with  it.  WUen  above  the  body,  the  latter  ib  auBpended  from 
Ibe  wiags  as  from  a  parachute.  When  beneath  the  body,  it  is 
BUBjiended  from  the  top  of  a  cone  formed  by  the  wings,  and  when 
on  a  level  with  the  body,  the  latter  is  placed  in  the  centre  of  a 
circle  desciibed  by  the  rapidly  oscillating  wings.  The  body 
is  saapended  from  the  wings  very  much  as  a  compass  eet  upon 
gimbals  is  suspended. 

The  wing  balances  the  body  in  consequence  of  its  travelling  at 
snch  a  speed  aa  enables  it  to  convert  the  area  mapped  out  by  its 
vibrations  into  what  is  practically  a  solid  basis  of  support. 

The  wing,  whether  in  one  piece  or  in  many,  rotates  upon  two 
centres,  the  one  centre  corresponding  to  the  root  of  the  wing  (short 
.  axis),  the  other  to  the  anterior  margin  Oong  axis).  The  rowing 
feathers  have  a  similar  compound  motion.  This  mode  of  action  of  the 
wing  is  intimately  associftted  with  the  power  it  enjoys  of  alter- 
nately seizing  and  evading  the  air,  of  producing  artificial  currents, 
and  of  utilising  artificial  and  natural  currents.  * 

The  wing  is  cranked  slightly  forwards,  a  small  degree  of  rotation 
of  the  anterior  margin  being  followed  by  a  very  considerable  sweep 
of  the  posterior  margin. 

The  wing  area  ia  greatly  in  excess  of  what  is  absolutely  neces- 
sary, and  as  much  as  four-sixths  may  be  removed  in  certain 
insects  (the  common  blow-fly,  e.g.'),  without  destroying  the  power 
of  flight.  The  wing  area  may  also  be  coneiderahly  reduced  in 
birds  without  in  any  way  impairing  flight.  This  shows  that 
elaborate  calculations  of  wing  area,  in  relation  to  weight  of  trunk, 
must  prove  futile,  nnleas  the  rapidity  with  which  the  wing 
vibrates  and  the  state  of  the  air  are  also  taken  into  account. 

Weight  is  necessary  to  the  flight  of  the  insect,  bat,  and  bird,  aa 
at  present  constructed.  If  flying  creatures  were  lighter  than 
the  air,  the  wing  would  rerjuire  to  be  twisted  completely  round  as  in 
the  auks  and  penguins,  so  that  the  under  ventral  or  concave  surface 
would  strike  from  below  upwards,  instead  of  from  above  downwards. 

In  aerial  flight  the  under  or  concave  surface  of  the  wing  is 
applied  from  alove,  whereae  in  enbaquatic  flight  it  is  applied  from 
below.  The  scull,  like  the  subaquatic  wing,  is  applied  from  below, 
so  that  the  analogy  between  the  aerial  wing  and  the  oar  as  employed 
in  sculling  is  more  apparent  than  real. 
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A  diving  bird  which  flies  UDder  the  water  u  lighter  than  tht 
water,  and  flieB  dovmioardt.  A  bird  which  fliea  in  the  air  it 
heavier  (han  the  air,  and  flies  upvtardi.  Belative  levity  and  weight 
are  therefore  necessary  to  the  diving  aod  flying  bird  u  at  pre- 
sent constituted. 

Weight,  when  associated  with  or  operating  upon  wings,  con- 
tributes to  horizontal  flight.  A  flying  animal,  when  it  drops  from 
a  height  with  expanded  motionless  wings,  does  not  fall  vertically 
downwards,  but  downwards  and  fonoardt,  the  wings  converting 
what  would  otheTwise  be  a  vertical  fall  of  the  body  partly  into 
forward  travel.  The  weight  of  the  body  thus  to  a  certain  extent 
relieves  the  muscular  system  from  excessive  exertion.  If  a  suffi- 
cient breeze  be  blowing,  the  weight  of  the  trunk  and  the  breeze 
upon  the  wings  o[»)rating  conjointly  are  sufficient  to  keep  the 
body  of  the  animal  in  the  air  for  protracted  periods.  This  is  well 
seen  in  the  cose  of  the  albatroBS,  which  can  sail  about  for  an  hour 
at  a  time  when  there  is  wind  without  once  flapping  its  wings. 

The  wing,  aa  a  rule,  is  more  flattened  in  the  insect  than  in  the 
bat  and  bird.  It  is,  moreover,  driven  at  a  higher  speed,  those 
animals  which  fly  the  quickest  having  for  the  most  part  the 
flattest  wings.     The  dragon  Ay  furnishes  a  good  example. 

The  greater  the  concavity  of  the  wing,  the  greater  the  elevating 
power ;  the  flatter  the  wing,  the  greater  the  propelling  power. 

The  wings  in  living  animals  are  thoroughly  under  control  both 
during  the  down  and  up  strokes ;  the  wing,  consequently,  is  not 
simply  an  elastic  apparatus,  which  derives  the  movements  of  its 
separate  parts  from  the  air;  on  the  contrary,  it  directs  and 
controls  the  air  iu  such  a  manner  as  to  extract  the  maximum  of 
support  and  propulsion  from  it. 

The  wings  of  bats  and  birds  are  moved  by  direct  muscular  action 
in  combination  with  certain  eUutie  ligaments,  and  the  same  holds 
true  of  the  dragon  fly  and  some  other  insects.  The  elasticity  of 
the  wing  and  the  resiliency  and  reaction  of  the  air,  however,  assist 
the  muscles  and  ligaments. 

The  great  speed  attained  by  the  tip  and  body  of  the  wing  is  due 
to  the  fact  that  the  wing  is  articulated  or  jointed  at  its  rbot,  any 
movement  communicated  at  the  root  being  quickened  in  propor- 
tion to  the  distance  from  the  root.     In  other  words,  a  oompara- 
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lively  Blow  moTement  comtnunicated  to  the  root  of  tLe  wing  ib  at 
once  coDverted  JDto  a  very  rapid  one  at  the  tip. 

If  &D  aitificia)  ning  be  coDBtructed  in  etrict  accordance  with 
any  of  the  natural  wings  (insect,  bat,  or  bird),  and  applied  by  a 
BcullJDg  figuie-of-6  movement  to  the  air,  it  will  be  found  to  supply 
a  Bteady  buoying  and  propelling  power,  similar  in  all  respecta  to 
that  supplied  by  the  living  wing. 

In  order  to  secure  tbis  result,  the  artificial  wing  should  be 
concavo-convex,  and  slightly  twisted  upon  itself,  i.e.,  it  should  be 
finely  arched  in  evei;  direction,  It  should  be  mobile  as  well  as 
elastic,*  and  be  applied  to  the  air  at  different  anglee  and  at  different 
degrees  of  speed,  in  such  a  manner  that  the  wing  and  air  may  be 
active  and  passive  by  turns. 

The  arlifieial  tnng,  tike  the  natural  one,  must  be  more  or  lees 
triangular  in  shape.  It  must  taper  from  the  root  towards  the  tip, 
and  from  the  anterior  margin  in  the  direction  of  the  posterior 
margin.  It  should  be  capable  of  change  of  form,  and  elastic 
throughout,  the  flexibility  being  greatest  at  the  tip  and  posterior 
margin  of  the  wing,  and  least  at  the  root  and  along  the  anterior 
margin.  It  must  move  in  all  ite  parts  at  different  periods  of 
time,  as  in  this  way  the  air  is  alternately  seized  and  dis- 
missed, dead  points  avoided,  and  a  contiunous  reciprocating 
movement  eecuied.  In  producing  a  continuous  vibration  of 
the  artificial  wing,  much  assiBtance  is  obtained  by  employing  a 
ball-and-socket  joint  at  its  root,  with  a  system  of  elastic  springs 
of  different  strengths.  The  principal  springs  should  be  ar- 
ranged at  right  angles  to  each  other,  the  superior  and  posterior 
springs  being  stronger  than  the  inferior  and  anterior  ones. 
Oblique  springs  may  be  added,  and  the  whole,  because  of  their 
different  strengths  and  their  peculiar  directions  and  insertions, 
can  be  made  to  give  the  wing  any  amount  of  torsion  in  the  direc- 
tion of  its  length  during  every  portion  of  either  the  up  or  down 
stroke.  The  muscles  and  elastic  ligaments  of  insects,  bats,  and 
birds,  perform  a  similar  function.  A  ball-and-socket  joint,  or 
what  is  equivalent  thereto,  is  necessary  at  the  root  of  the  wing, 

*  Boietli  (1068),  Dnrkhoim,  and  Unre;  Btate  that  an  arttfidat  wjpg  should 
be  conipoeed  of  a  rigid  rod  in  front  and  a  flexible  Bail  behind,  but  experiment 
has  conTinced  tjie  author  that  no  part  of  the  wing  ahonld  be  abtolutelir  rigid. 
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becanee  the  pinion  sliould  be  free  to  move  in  an  upward,  downward, 
forward,  and  backward  direction.  It  should  also  be  able  to  rotate 
aronDd  its  anterior  margin  to  the  extent  of  nearly  a  quarter  of  a 
turn.  All  the  movementB  referred  to  are  derived  in  the  author's 
models  from  a  direct  piston  action,  from  the  reaction  of  the  air,  the 
elasticity  of  the  winga  and  springs,  and  the  weight  of  the  machine 
hearing  the  wings.  They  are  restrained  and  directed  by  the 
gearing  apparatus  extending  between  the  pieton  and  the  wings,  but 
more  especially  by  the  different  lengths,  strengths,  and  directions 
of  tbe  elastic  springs  themselves.  The  piston  is  made  to  descend 
with  a  very  violent  hammer-like  motioQ  at  the  beginning  of  the 
down  stroke,  tbe  movement  being  gradually  stowed  as  tbe  wing 
descends  to  a  certain  point,  at  which  tbe  movement  is  re- 
versed and  the  piston  ascends  more  slowly,  its  ascent  being 
occasioned  for  the  most  part  by  the  reaction  of  the  air,  the  elas- 
ticity of  the  wing  and  of  tbe  springs  at  its  root,  and  by  tbe  descent 
of  the  engine  propelling  tbe  wings.  The  driving  power,  the 
weight  of  the  apparatus,  the  recoil  of  the  air,  and  the  elasticity  of 
the  wings  and  springs  are  thus  made  to  act  in  concert,  the  different 
forces  being  active  and  passive  at  intervals,  and  no  two  forces 
acting  together  at  precisely  tbe  same  instant  of  time. 

If  a  longitudinal  section  of  a  bamboo  cane,  10  feet  in  length  and 
half-au-inch  in  breodtb,  be  taken  by  tbe  extremity  and  made  to 
vibrate,  it  will  be  found  that  a  wavy  serpentine  motion  is  produced 
in  it,  tbe  waves  being  greatest  when  the  vibration  is  slow,  and 
least  when  it  is  rapid.  It  will  further  be  found  that,  at  the 
extremity  of  the  section  where  the  impulse  is  communicated, 
there  is  a  steady  reciprocating  movement  devoid  of  dead  points. 
The  continuous  movement  in  question  is  no  doubt  due  to  the  fact 
that  the  different  portions  of  tbe  reed  reverse  at  different  periods, 
the  undulations  induced  in  the  reed  being  to  an  interrupted  or 
vibratory  movement  very  much  what  tbe  continued  play  of  a  fly- 
wheel is  to  a  rotatory  motion. 

If  a,  similar  reed  has  added  to  it  at  its  outer  or  distal  half 
tapering  rods  of  whalebone  radiating  in  an  outward  and  backward 
direction  to  the  extent  of  a  foot  or  so,  and  the  whalebone  and  the 
reed  be  covered  with  a  thin  sheet  of  india-rubber,  an  artificial  wing 
resembling  the  natural  one  in  all  its  essenlial  properties  is  at  once 
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produced.*  TbuB  if  the  wing  be  made  to  vibrate  at  its  root,  adonHe 
want  M  produced,  the  one  wave  running  in  the  direction  of  the  length 
of  the  wing,  the  other  in  the  direction  of  its  breadth.  The  iring 
farther  twisU  and  nntwisU  figure-of-8  fashion  during  the  down  and 
up  strokes.  There  is,  moreover,  a  continuous  play  of  the  wing, 
the  down  stroke  gliding  into  the  up  one,  and  vice  versa,  by  a 
system  of  continuous  and  opposite  curves,  which  clearly  shows 
that  the  down  and  up  strokes  are  parts  of  one  whole,  and  that 
neither  is  perfect  without  the  other.  This  form  of  wing  is  endowed 
with  the  very  remarkable  property  that  it  will  fly  in  any  direc- 
tion, demonstrating  more  or  less  conclusively  that  flight  is  essen- 
tially a  progreuive  wave  movement.  Thus  if  the  anterior  or  thick 
margin  of  the  wing  he  directed  upwards,  and  tlie  angle  which  the 
under  surface  of  the  wing  makes  with  the  horizon  be  something  less 
than  15  degrees,  the  wing  will,  when  made  to  vibrate,  fly  with  an  un- 
dulatory  motion  in  an  upward  direction,  like  a  pigeon  to  its  dove-cot. 
If  the  nnder  surface  of  the  wing  make  no  angle,  or  a  very  small 
angle  with  the  horizon,  it  will  dart  forward  in  a  series  of  curves  in 
a  horixontal  direction,  like  a  crow  in  rapid  horizontal  flight.  If  the 
angle  made  by  the  under  surface  of  the  wing  be  reversed,  so  that 
the  anterior  or  thick  margin  of  the  wing  be  directed  downwards, 
the  wing  will  describe  a  wave  track  and  fly  dotvnwarda,  as  a 
iiparrow  from  the  top  of  a  house  or  tree.  In  all  those  move- 
ments progression  is  a  necessity;  the  movements  are  continuous 
gliding  forward  movements  ;  there  ia  no  halt  or  pause  between  the 
strokes,  and  if  the  angle  which  the  wing  makes  with  the  horizon 
be  sufBciently  great,  the  amount  of  steady,  traetile,  and  buoying 
power  developed  is  truly  astonishing.  This  form  of  wing  elevates 
and  propels  both  during  the  down  and  up  strokes,  and  its  working  is 
accompanied  with  little  or  no  slip.  Its  movements  may  be  regarded 
as  the  literal  realisation  of  the  figure-of-8  hypothesis  of  flight. 

■  The  Butbor  has  made  a  great  variety  of  artificial  winge.  Of  theae  some 
are  in  odb  piece,  with  a  costinQons  covering ;  others  in  a  single  piece,  witb 
the  cover  broken  np  into  a  large  nnmber  o(  small  valves ;  otherB  in  BeTeial 
pieceB,  with  a  continuous  covering,  and  others  jointed,  with  the  cover  broken 
up  into  a  nnmber  of  vatvalar  segments.  In  all  caseii  the  rramcg  of  the  wings 
are  compoBed  of  elailic  material,  such  as  steel  tubes,  bamboo  and  other  canee, 
osier  twigs,  whslebcne,  gutta  percha,  &c.,  &c  ;  the  covers  of  the  wings  are 
made  of  india-rubber  cloth,  tracing  cloth,  argentine,  linen,  silk,  &c.,  Ac. ;  the 
sprioga  of  the  wings  of  steel,  caoutchouc,  Ac,  &c. 
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If  the  artificial  wing  be  in  one  piece, it  ought  to  be  made  to  vibrale 
in  a  more  or  less  horizontal  direction ;  if  in  several  pieces,  it  should 
be  woriied  in  a  more  or  less  vertical  direction,  as  the  wing  in  thi« 
case  acts  alteniately  as  a  short  and  long  lever,  Id  virtue  of  its 
closing  and  opening  during  the  up  and  down  strokes,  the  acting 
area  of  the  wing  being  greatly  reduced  during  the  up  stroke,  and 
greatly  increased  during  the  down  one. 

If  a  properly  constructed  artiGcia]  wing  be  made  to  vibrate  in  a 
vertical  direction,  it  invariably  darts  downwarda  and  forinardt  in  a 
curve  during  the  down  stroke,  and  upwardi  andforvmrdt  in  a  similar 
but  opposite  curve  during  the  up  stroke,  the  two  curves  running 
into  each  other  to-fonn  a  progressive,  continuous,  loave  traci:. 

If  the  wing  he  made  to  vibrate  from  side  to  side  in  a  more 
or  less  horizontal  direction,  it  rises  zig-zag  fashion  by  a  series  of 
looped  curve  movements,  each  pass  of  the  wing  being  on  a 
higher  level  than  that  which  preceded  it.  Whether  the  wing  be 
moved  vertically  or  borizontatly,  it  invariably  twists  and  untwists 
during  its  action.  In  twisting  and  untwisting,  it  developes  figure- 
of-8  curves,  not  only  along  its  anterior  and  posterior  margins,  but 
throughout  its  entire  length  and  breadth. 

The  figure-of-8  vertical  movement  may  he  converted  into  the  . 
figure-of-8  horizontal  movement  by  a  slight  rotation  of  the  wing 
on  its  long  axis,  or  by  a  tilt  of  the  body  or  frame  bearing  the 
wing.  It  is  in  this  way  that  the  wing  may  act  either  as  an  ele- 
vator and  propeller,  or  merely  as  an  elevator.  Thus  it  is  not 
uncommon  to  see  an  insect  elevate  itself  by  a  horizontal  screwing 
figure-of-8  movement,  and  then,  suddenly  changing  the  direction 
of  the  stroke  of  the  wing  and  of  the  body,  dart  forward  in  a  nearly 
horizontal  direction. 

The  artificial  wing,  hke  the  true  one,  attacks  the  air  at  a  great 
variety  of  angles  during  the  down  and  up  strokes.  Thus  during 
the  down  stroke  the  angles  which  the  wing  makes  with  the  horizon 
are  increased,  whereas  during  the  up  stroke  they  are  diminished. 

The  angles  made  by  the  different  portions  of  the  artificial  wing 
vary  as  in  the  living  wing,  the  angles  made  by  the  parts  nearest 
the  root  being  greater  than  those  nearer  the  tip.  This  is  occa- 
sioned hy  the  manner  in  which  the  artificial  wing  twiits  and 
unlmsti  during  its  action,  the  torsion  in  question  being  due  to  the 
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elastic  piopertieB  of  the  wing  aod  the  resiBtance  which  it  experi- 
encM  from  the  air,  ae  well  as  to  the  fact  that  the  tip  and  posterior 
part  of  the  wing  travel  at  a  much  higher  speed  than  the  root  and 
anterior  part.  The  small  angle  made  by  the  tip,  ae  compared  with 
the  root  of  the  wing,  equalisee  its  action,  a  large  angle  urged  at  a 
low  speed  giving  the  same  amount  of  buoyancy  and  propelling 
power  as  a  smaller  angle  urged  at  a  higher  speed. 

The  artificial  wing,  because  of  its  elasticity  and  by  the  aid  of 
certain  springe,  can  be  made  to  slow  and  reverse  of  its  own  accord 
at  the  end  of  the  down  and  up  strokes  in  precisely  the  same 
mantier  as  the  natnral  wing.  It  can  likewise  be  made  to  change 
its  course  without  halt  or  dead  point,  so  as  to  give  continuity  of 
motion  and  continued  buoyancy. 

If  the  artificial  wing  be  moved  figure-of-8  fashion  in  a  more  or 
less  horizontal  direction,  it  can  be  made  to  create  and  utilise  its 
own  currentB,  the  stroke  from  right  to  left  producing  the  currents 
on  which  the  wing  rises  in  its  passage  from  left  to  right,  and  the 
reverse.    It  can  also  be  made  to  utilise  and  evade  natural  currents. 

If  the  tip  of  a  properly  constructed  artificial  aerial  wing  be 
turned  downwards,  and  the  wing  he  made  to  move  from  side  to  side 
figure-of-8  fashion  like  the  tail  of  a  fish,  it  forms  a  very  excellent 
aerial  propeller. 

The  artificial  wing,  to  he  effective,  must  rotate  about  two  separate 
axes,  the  one  corresponding  to  its  root  (short  asis),  the  other  to  its 
anterior  margin  (long  axis). 

If  two  artificial  wings,  similar  to  those  described,  be  placed  end 
to  end,  inclined  at  a  certain  upward  angle,  and  made  to  revolve, 
they  form  a  most  powerful  aerial  screw.  This  form  of  screw  is 
propelled  with  comparatively  little  force,  and  its  working  ia 
attended  with  quite  a  nominal  amount  of  slip. 

The  aerial  screw  here  recommended  U  elastic  and  capable  of  change 
of  form  in  all  its  parts,  and  so  constructed  that  its  angles  Tary  to 
adapt  themselves  to  the  speed  attained  by  the  different  portions  of 
the  blades  at  any  given  time.  Thus  the  angles  made  by  the  blades 
are  greatest  when  the  speed  at  which  the  screw  is  driven  is  least,  and 
vice  versa ;  the  angles  made  by  those  portions  of  the  blades  which 
are  nearest  the  asis  of  rotation  being  always  greater  than  those 
made  by  the  portions  nearer  the  tips  of  the  blades.     This  form  of 
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aerial  Bciew  difTera  widely  from  the  aerial  screwa  at  preaent  in  hk, 
and  fTom  the  screw  propeller  employed  in  navigation,  inasmuch 
as  it  is  moTeable  in  all  its  parts,  and  adjusts  itself  to  its  work  id 
such  a  manner  as  to  secure  the  masimum  of  elevating  and  pto- 
pelliog  power,  with  a  minimum  of  slip.  The  screw  propeller  and 
aerial  screws  as  at  present  employed  are,  on  the  oontraiy,  rigii 
and  unyielding,  and  possess  no  accommodating  power.  As  a  con- 
sequence, much  propulsive  power  is  sacrificed  in  slip. 

If  the  bladesof  the  aerial  screw  referred  to  be  greatly  diminished 
in  size,  and  formed  of  carefully  tapered,  finely  graduated  eteel 
plate,  it  operates  with  remarkable  efficiency  in  water,  the  elasticity 
of  the  screw  diminishing  the  slip,  while  it  greatly  augments  the 
propelling  power. 

The  following  Gentlemen  were  admitted  Fellows  of  the 
Society : — 

EUt.Tbokas  M.  Lindsay,  M.A. 
Willi  AH  Robebtson  Smitb,  M.A. 
Staik  Aohbw,  Esq. 


Monday,  SOtk  January  1871. 

Propesbor  KELLAND,  Vice-PreBident,  in  the  CLair. 

At  the  requesL  of  the  Council,  Dr  J.  CoUingwood  Bruce 
delivered  an  Address  on  "  The  Results  of  the  More  Recent 
Excavations  on  the  Line  of  the  Roman  Wall  in  the  North 
of  England." 

Nearly  a  century  after  Julius  Caesar  had  landed  in  this  island 
the  conquest  of  BritaiD  was  begun  in  earnest. 

Id  the  year  79  Agricola  planted  the  Eagles  of  Rome  on  the  basks 
of  the  TyDO,  and  during  the  next  campaign  carried  his  conquests 
as  far  as  the  Tay.  Before  he  gave  up  his  command,  he  had  raised 
the  Roman  standard  in  the  Orkney  Islands. 

When  Rome  planted  her  foot  she  usually  planted  it  firmly,  and 
thus  she  retained  in  her  grasp  all  the  best  portions  of  the  island 
for  more  than  300  years.     Some  of  the  hgiona  which  landed  in  the 
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time  of  ClaudioB  remained  in  the  island  until  the  close  of  the 
Roman  domination. 

In  the  year  410,  when  Alaric  and  his  Qoths  entered  Rome, 
HonoriuB  lenotinced  all  claim  npoa  the  allegiance  of  Britain. 

As  to  the  origin  of  the  wall,  when  Agricola  advanced  againsf 
the  GaledonianB,  he  thought  it  neceesaiy  to  use  precautions  against 
a  rising  amongst  the  conquered  tribes  whom  he  left  behind  him. 
He  made  good  roads  contemporaneously  with  his  advance.  As  he 
moved  along  be  drew  the  road  with  him.  By  this  means  his 
retreat  was  always  secure  and  his  supplies  comparatively  certain.  It 
is  believed  that  we  owe  to  him  the  northern  Watiiug  Street  and  the 
Maiden  Way,  which  ran  northwards  parallel  to  each  other  at  aboat 
twenty-five  miles  apart.  For  miles  together  both  of  these  roads 
remain  to  this  hour  as  the  Romans  left  them.  Another  precaution 
adopted  by  Agricola  was  the  planting  of  gairisons  in  well-selected 
situations.  There  were  two  parts  of  the  island  where  these 
garrisons  could  be  best  placed,  namely,  where  the  influx  of  the  sea 
brings  the  eastern  and  western  coasts  into  near  contiguity — between 
the  Firths  of  Clyde  and  Forth,  and  between  the  Tyne  and  Solway. 
Here  walls  were  afterwards  built.  The  southern  wall  was  not  a 
mere  fence.  It  was  a  line  of  military  operation.  In  erecting  it 
the  Romans  did  not  give  up  the  country  to  the  north  of  it,  hat  by 
its  means  made  it  more  thoroughly  their  own.  A  transverse  road 
along  it  was  a  necessary  adjunct.  At  the  Northumberland  Isthmus 
Watling  Street  and  the  Kaiden  Way  went  north  and  south ; 
another  road,  which  baa  been  called  the  Stanegate,  went  from  east 
to  west. 

Dr  Bruce  then  enumerated  some  of  the  principal  stations  in  the 
wall  as  amplified  and  finally  completed  by  Hadrian,  who  made 
use  of  such  of  the  pre-e^tisting  stationH  of  Agricola  as  served  big 
purpose. 

The  stationary  camps  on  the  Roman  wall  usually  have  four 
gateways,  one  in  each  end,  and  one  in  each  side  rampart.  Each 
gateway  consists  of  two  portals  divided  by  strong  piers  of  masonry, 
with  its  own  arch  overhead.  There  is  uniformly  a  guard  chamber 
on  each  side  of  the  gateway. 

The  wall,  as  erected  by  Hadrian,  exists  to  this  day  in  wonderful 
completeness.    Except  in  places  where  towns  have  sprung  up  on 
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ite  aite,  there  is  acaroely  a  yard  of  its  courBe  from  Wallsend  to 
BowneBS  where  traces  of  it  are  not  to  be  foaad.  Where  the  stone- 
works have  disappeared  the  fosse  or  earthen  ramparte  generally 
show  themselves. 

The  wall  is  reall;  an  important  fortification,  consisting  of 
several  parts.  There  is  first  the  stone  wall,  with  a  deep  and 
broad  fosse  on  its  northern  margin;  next,  the  vallum  oi  earth  wall, 
which  at  varying  distances  keeps  to  the  south  of  the  stone  wall. 
Then  between  these  was  a  well-made  road.  Lastly,  there  vas  a 
series  of  stationary  camps,  castles,  acd  turrets,  for  the  accommoda- 
tion of  the  soldiery  who  garrisoned  the  structure. 

The  length  of  the  great  wall  is  said  to  be  seventy-three  and 
a-half  miles.  It  is  usually  about  eight  feet  thick,  and  in  two 
places  it  now  stands  nine  and  a-half  feet  high.  Its  original  eleva- 
tion was  much  greater. 

The  stations  were  mililary  cities,  mostly  attached  to  the  wall. 
The  largest  of  them  contain  an  area  of  six  acres,  some  of  them 
only  three.  The  stations  are  distant  from  one  another  at  an 
average  of  about  four  miles.  Their  form  is  that  of  a  parallelogram 
with  the  comers  rounded.  The  first  thing  which  the  builders  of 
the  wall  did  was  to  build  the  station,  when  they  felt  that  they 
could  safely  undertake  the  other  parts  of  the  fortification,  tunning 
the  wall  right  and  left.  The  masonry  of  the  gateways  is  pecu- 
liarly massive  snd  strong.  In  some  of  them  the  joints  are  as 
close  as  ever,  and  the  courses  as  true  as  they  were  1700  years  ago. 
As  far  as  can  be  ascertained,  every  station  had  a  double  gateway 
opening  northwards,  as  well  as  in  other  directions.  The  north 
gate  of  fiorcovicus  station  (House- steads)  must  have  been  much 
used,  for  its  threshold  is  deeply  worn  by  the  feet  of  passengers. 

That  the  Komans  did  not  give  up  to  the  enemy  the  country  on' 
the  north  side  of  the  wall  is  shown  by  a  circumstance  that  the 
garrison  at  the  station  of  Borcovicus  had  an  amphitheatre  provided 
for  theii  amusement  on  the  north  side  of  the  wall,  where  the 
ground  outside  the  wall  was  best  suited  for  its  formation.  It  was 
not  unusual  with  the  Bomans  to  provide  amusements  for  the 
soldiery  even  upon  a  campaign. 

In  crossing  from  sea  to  sea,  the  wall,  about  the  centre  of  its 
course,  comes  near  an  upheaved  mass  of  basalt.    For  about  ten 
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milee  it  takes  advantage  of  this  circumstance,  and  swerving  out  of 
its  direct  course,  seizes  hill  after  bill,  so  as  to  present  to  the 
enemy  not  only  the  obstacle  of  its  own  height,  but  that  of  the 
ridge  of  which  it  is  built.  A  similar  and  more  striking  one  of  the 
natuTsl  ground  is  seen  at  Peel  Crag. 

When  the  wall  runs  ov^r  precipitous  ledges  like  this,  the  fosse 
on  the  north  side  of  it  is  of  course  discontinued,  but  the  moment 
it  again  descends  into  the  valley  it  is  renewed. 

Dr  Bruce's  paper  contained  several  other  particulars  illustrating 
the  present  condition  of  the  wall,  and  showing  the  powerful  and 
systematic  organisation  displayed  in  its  construction  as  a  means 
of  commanding  and  keeping  in  subjection  the  adjacent  country. 
It  also  contained  references  to  the  monuments  and  inscriptions 
found  in  the  line  of  the  wall,  indicating  in  particular  the  prevalent 
religious  feelings  of  the  period,  and  in  particular  showing  an 
infusion  of  £astem  ideas  into  the  native  mythology  of  the  Romans. 

The  following  Gentlemen  were  admitted  Fellowa  of  the 
Society : — 

Chablbs  Hates  Biooins,  M.D. 
Abous  Macdonald,  M.D.,  F.R.C.P. 


Monday,  Gth  February  1871, 
Dr  CHEISTISON,  President,  in  the  Chair. 
The  following  Communications  were  read ; — 

1.  Mote  on  two  Species  of  Foraminifera,  and  on  some 
Objects  from  the  Nicobar  Islands  of  great  Ethnological 
intereet.  By  T.  C.  Archer,  Esq.  Specimens  were  exhi- 
bited. 

Mr  Archer  exhibited  two  interesting  Foraminifera,  one  being 
Satcammina  Carteri,  which  forms  a  large  proportion  of  the  Carbonif- 
erous limestone  at  Elfhills,  Northumberland )  the  other,  a  gigantic 
species  of  the  Arenaceous  group  brought  from  Persia  by  the  late  Mr 
LoftuB,  and  named  after  him,  Lofiutia  penica.  The  latter  specimen 
was  that  to  which  iix  Archer  especially  called  the  attention  of  the 
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Society,  as  it  was  siaiilar  to  a  class  of  foesile  which  bad  pievionBly 
been  found  in  the  Upper  Greensand  formation  in  England,  and 
believed  to  be  sponges.  However,  the  whole  hiatory  of  these 
monsters  of  their  Order  has  been  so  well  worked  out  in  the 
admirable  monograph  of  Dr  Carpenter  and  Mr  H.  B.  Brady,  that 
their  proper  character  is  now  thoroughly  known. 

Mr  Archer  also  exhibited  some  objects  of  great  Ethnological 
interest  from  the  Nicobar  Islands. 

The  following  is  the  Memorandum  accompanying  the  Wooden 
Figures  obtained  by  Captain  Edge,  B.K.,  commander  of  H.  M.  S. 
"  Satellite,"  from  the  Nicobars,  in  July  1867. 

Beports  having  reached  the  authorities  at  Singapore  that  several 
vessels  bad,  from  time  to  time,  been  attacked  hy  the  savages  upon 
these  islands,  and  their  crews  barbarously  murdered,  it  was  deter- 
mined to  despatch  an  expedition  to  that  spot ;  and  accordingly,  in 
July  1867,  H.  U.  ship  "  Wasp,"  Captain  Bedingfield,  K.N.,  and 
H.  K.  ship  "  Satellite,"  Captain  Edge,  R.N.,  proceeded  thence. 
The  savages  fled  on  the  approach  of  the  vessels  of  war,  and  upon 
landing  at  Enounga,  one  of  the  largest  of  the  villages,  Captain 
Edge  discovered  these  figures  in  their  huts,  and  upon  his  return  to 
Singapore  ho  gave  them  to  Major  M'Nair  of  the  Boyal  Artillery 
for  presentation  to  a  musenm. 

The  photographs  are  those  of  three  of  the  savages  who  were 
captured,  and  of  a  little  girl  of  seven  years  of  age,  who  was  rescued 
from  their  hands  and  brought  to  Singapore. 

List  of  Wooden  Figures  from  the  Nicobar  Islands,  procured  hy 
Captain  Edge,  B.N.,  and  presented  to  the  Edinburgh  Museum  of 
Science  and  Art,  by  Jamea  M'EeDzie,  master  <ff  the  ship  "  Shree 
Singapora." 

1.  Large  figure  of  a  woman. 

2.  Male  idol. 

3.  Figure  of  a  native  male  in  European  style. 

4.  Do.  do.  (smaller  size). 

5.  Figurehead  of  a  native  female. 
6  &  7.  Two  small  figures. 

8.  Figure  of  an  animal. 
These  specimens  were  exhibited  to  the  Ethnological  Society  in 
London  at  the  beginning  of  last  year. 
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After  all  that  has  been  read  of  the  complete  abseDce  of  any  kiod 
of  Art  amonst  the  savageB  of  these  islande  and  the  neighbouring 
AQdamans,  one  is  irresistibly  led  to  think  that  these  objects  are 
not  the  works  of  the  Datives,  but  have  been  produced  by  some 
debased  European  or  other  captive, 

2.  Certain  Phenomena  applied  in  Solation  of  DifScolties  con- 
nected with  the  Theory  of  Vision.    By  E.  S.  Wyld,  Esq. 

The  theory  of  vision  has  been  the  subject  of  much  more  acientific 
study  than  that  of  any  of  our  other  senses,  but  uotnithstandiDg 
this,  the  subject  is  still  encumbered  with  some  difSculties  and  con- 
tradictions, the  solution  of  which  is  essential  to  our  having  a  true 
and  complete  theory.  Such  are  the  questions, — first, — regarding 
single  and  double  vision,  as  depending  on  the  excitement  of  cor- 
responding, or,  as  they  are  generally  called,  identical  points  of 
the  letinte ;  second, — the  question  whether  perception  is  in  the 
retinae  or  in  the  brain;  and  lastly,  the  question  regarding  the 
decussation  and  ultimate  course  of  the  fibres  of  the  optic  nerves. 

Begardiug  the  snbject  of  nngU  viiion  with  two  eyes,  there  bos  fre- 
quently been  exhibited  a  great  amount  of  misunderstanding ;  since 
the  discovery  of  the  stereoscope,  however,  the  nature  of  what  has 
commonly,  though  not  with  strict  propriety,  been  called  single 
vision,  has  become  much  better  understood.  The  truth  is,  there 
is  no  such  thing  as  single  vision  when  two  eyes  are  in  use,  and 
a  very  little  attention  will  make  it  clear  how  the  case  stands. 
Take  two  shillings  of  like  appearance,  and  place  tbem  correctly 
and  with  the  same  sides  up,  in  the  different  compartments  of  the 
stereoscope,  but  so  far  apart  that  they  do  not  appear  to  coalesce. 
In  this  position  they  are  distinctly  seen  by  each  eye  as  two 
separate  objects.  Cause  the  coins  next  gradually  to  approach  till 
they  seem  to  coalesce  or  unite  into  one — we  say  seem,  for  Ibere  is 
no  true  visual  union.  Even  when  they  seem  to  unite,  there  are 
still  two  impressions  made— one  on  each  retina — and  a  correspond- 
ing impulse  is  from  each  of  these  membranes  sent  to  the  brain  and 
to  the  mind,  though  from  the  close  resemblance  of  the  two  im-  - 
pressions  it  may  be  impossible  to  distinguish  the  one  from  the 
other. 
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To  proTB  that  there  are  two  mental  impreaaiona,  let  ob  re- 
verae  one  of  the  coina.  When  this  is  done,  we  have  no  longer 
the  impreasion  of  one  coin,  bat  of  two  coina  occupying  the  same 
place.  Both  are  visible,  and  they  appear  as  if  the  one  were  viaible 
through  the  other.  While  we  steadily  regard  this  anomalons 
presentation,  the  eye  and  the  judgment  become  alike  puzzled  by 
it,  and  an  effort  is  made  to  reduce  the  phenomenon  to  a  normal  and 
iotelltgible  object  of  vision ;  a  succession  of  transformations  is  the 
result  of  the  joint  action  of  the  mind,  and  of  the  disturbed  nervous 
centres  which  ensues ;  at  one  moment  we  see  one  coin,  and  then, 
suddenly,  it  disappears,  and  the  other  takes  its  place ;  then  we  see 
both  coins  at  once,  or  a  part  of  each  perhaps  becomes  alone  visible. 
In  ordinary  vision,  then,  we  must  conclude  that  objects  make  an 
eqaal  impression  on  the  identical  points  of  each  retina,  though  we  are 
not  intellectually  conscious  of  the  fact  of  duality  ;  and  the  question 
thus  arises.  If  there  are  two  retinal  impressions,  how  do  we  account 
for  the  two  appearing  as  if  superimposed  the  one  on  the  top  of  the 
other  f  The  eyes  are  set  apart  in  the  head,  and  the  supposed 
sensory  ganglia  at  the  base  of  the  brain,  the  corpora  genicvlata,  the 
corpora  qwjdrigemina,  and  the  optic  thalami,  are  all  in  duplicate  : 
and  the  cerebral  hemispheres  divide  the  head  in  two  equal  sections. 
How,  then,  are  we  to  account  for  the  two  visual  images  being 
united  f  It  has  been  very  generally  assumed  that  the  mind  com- 
bines the  two  impressions,  as  it  were,  into  one.  This  ia  the 
opinion  of  Professor  Wheatstone  and  Dr  Carpenter,  and  it  was  for 
many  years  my  opinion ;  but  the  phenomena  about  to  be  alluded 
to  convinced  me  that  I  was  wrong,  and  that  there  exists  a  physical 
cause  for  the  union  of  the  two  images ;  and  to  prove  this  is  the 
main  purpose  of  the  paper. 

When  we  take  two  strips  of  white  card-board  about  an  inch 
broad,  and  insert  one  at  each  side  of  the  stereoscope,  we  find  that 
each  strip  is  distinctly  seen  by  each  eye ;  but  when  we  cause  them 
gradually  to  approach  till  the  two  ends  appear  to  overlap  say  an 
inch  or  more,  the  effect  is  singular.  Where  the  strips  seem  over- 
lapping, the  brightness  is  observed  instantly  to  become  very  much 
increased  :  so  much  so,  indeed,  that  when  we  fix  the  attention  od 
the  quadrangular  part  formed  by  the  overlapping  ends,  all  the  rest 
of  the  strips  become  invisible,  and  the  overlapping  parts  alone 
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remain  distinct  objects  of  Tiaion.  It  toay  however  be  mentioDed, 
\<y  the  way,  tbat  eitber  of  tbe  carde  may  be  recalled  to  eigbt  by 
the  simple  act  of  moving  it  two  or  three  times  backwards  and 
forwards,  and  tbne  exciting  tbe  nerfe  aad  arouBing  tbe  attention  ; 
but  this  in  no  degree  impairs  tbe  superior  brightiiesa  of  the  over- 
lapping parte. 

Such  are  the  facta,  but  what  ia  the  cause  of  the  increased  brigbt- 
ness  where  the  cards  appear  to  overlap,  and  what  is  the  cause  of 
tbe  apparent  overlapping  where  cuiresponding  points  of  tbe  retinee 
are  excited  by  objects  in  reality  apart?  I  am  not  aware  of  any 
writer  having  distinctly  laid  before  us  a  specific  physical  cause 
accounting  for  these  several  phenomena.  It  appears  to  me  tbat 
they  clearly  point  to  an  anatomical  cause. 

A  great  many  writers  have  attributed  single  vision  to  habit. 
Dr  Smith  in  his  optics  attributes  single  vision  t«  this  cause.  Br 
Carpenter  also  seems  to  take  this  view.  He  says  ("Physiology,"  p. 
705),  "  A  condition  of  single  vision  seems  to  be  tbat  the  two 
images  of  the  object  should  fall  on  parts  of  the  retince  accustomed 
to  act  in  concert,  and  habit  appears  to  be  the  chief  means  by  which 
this  conformity  is  produced."  Dr  Eeid,  in  bis  "  Inquiry  into  the 
Human  Mind,"  states  tbat  he  baa  devoted  thirty  years  to  the  etndy 
of  the  subject,  and  be  accepts  it  as  a  mystery  which  cannot  be 
explained.  Sir  Wm.  Hamilton  attempts  no  explanation.  Neither 
does  Sir  D.  Brewster  in  his  famous  controversy  with  Professor 
Wheatstone  attempt  any  explanation,  fiuffon  thinks  ne  first  see 
objects  double  and  inverted,  and  tbat  we  correct  this  judgment  by 
experience.  Blanville,  G-assendua,  Porta,  Tacquet,  and  Gall,  main- 
tain that  we  see  with  only  one  eye  at  a  time. 

Perhaps  the  majority  of  writers  have  looked  no  deeper  than 
the  surface  of  the  retina,  and  have  been  content  to  state  the 
phenomena  as  depending  on  an  inscrutable  property  of  that 
sensitive  membrane,  or  simply  as  a  law  of  oui  being :  even  as  they, 
with  quite  as  little  ingenuity,  and  with  less  excuse,  attribute  our 
sense  of  visual  direction  to  an  inscrutable  property  of  the  retina. 
Some  anatomists  have,  however,  supposed  that  the  decussation  of  the 
optic  nerves  might  explain  the  phenomena.  DrWollaston,  from  a 
peculiar  occasional  disorder  in  bis  vision,  suggested  that  there  was 
a  crossing  of  the  fibres  from  tbe  tnner  parU  of  either  retina  to  the 
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ganglion  on  the  opposite  side  of  the  head,  while  the  fibres  on  the 
owter  Bide  of  each  eye  went  to  the  ganglion  on  their  own  aide  of 
the  head.  This  explanation  evidently  implies  that  the  retinte  are 
optically  divided  in  two  halves,  and  that  the  images  of  objects 
falling  on  tbe  centres  of  the  retinie  are  similarly  divided,  one  half 
of  every  object  being  represented  on  tbe  right  side  of  the  head, 
and  tbe  other  half  on  the  left ;  and  that  objects  whose  images  fall 
on  tbe  one  side  of  the  retins  are  represented  only  on  tbe  lobe  on 
that  side  of  the  bead.    This  is  surely  extremely  improbable. 

Newton,  in  his  optics,  throws  out  a  query  (query  15th  at  the 
end  of  Second  Book),  su^estiDg  that  tbe  species  or  picture  of  the 
objects  seen  with  both  eyes  may  be  united  in  the  commissure  of 
tbe  optic  nerves,  the  fibres  of  the  right  side  of  both  nerves  uniting 
there,  and,  after  union,  going  thence  into  tbe  brain  on  tbe  right 
side  of  tbe  bead,  and  the  fibres  on  the  left  side  of  both  nerves,  after 
union  in  the  commissure,  going  into  tbe  brain  on  the  left  side  of 
the  head,  and  the  two  meeting  in  the  brain  in  such  a  way  that  the 
fibres  make  but  one  entire  species  or  picture.  The  writer  had  not 
seen  Newton's  query  till  after  his  paper  was  submitted  to  tbe 
Council,  but  be  considers  that  Newton's  is  the  most  advanced 
position  which  has  up  to  the  present  times  been  taken  on  the 
subject.  It  is  evident,  however,  that  Newton  had  never  very 
carefully  reduced  his  idea  to  form,  nor  had  be  then  the  mean.s 
which  we  now  possess  of  testing  its  correctness;  and  it  was 
doubtless  owing  to  this  circumstance  that  tbe  idea,  instead  of  being 
followed  up  and  corrected  in  its  details,  was  allowed  to  fall  out  of 
sight,  and  failed  to  gain  the  attention  of  optical  writers. 

Whether  there  is  or  is  not  a  crossing  of  the  true  visual  or  optic 
nerves  in  man  and  tbe  higher  mammalia  seems  yet  to  be  an 
unsettled  point,  though  tbe  opinion  is  gaining  ground  that  there 
is  a  crossing  of  the  inner  fibres.  It  is  always  asked  if  there  is  no 
crossing  of  fibres,  why  are  the  optic  nerves  brought  into  connection  ? 
The  question,  as  an  argument  in  favour  of  tbe  crossing,  is,  how- 
ever, robbed  of  half  its  force,  when  we  consider  that  the  apparent 
union  of  tbe  commissure  may  not  be  for  a  transfer  of  the  trae 
nerves  of  vision,  bnt  for  efi'ecliog  a  union  of  the  nerves  essential 
for  the  nutrition  of  the  retinae,  and  of  those  nerves  whose  func- 
tion it  is  to  secure  equality  and  unity  of  action  in  the  reflex  opera- 
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tions  wbioh  regulate  the  expansion  eDd  oontraction  of  tlie  iris  of 
the  eyes. 

I  do  not  believe  in  any  ^wrtial  crossing  of  tbe  true  visual  nerve- 
fibres.  Tlie  fact,  however,  of  an  entire  crossing,  or  of  no  cioBsing 
at  all,  in  no  ways  affects  my  theory,  which  I  shall  now,  after  a  few 
necessary  words  of  explanation  regarding  the  funclione  of  the 
retina,  proceed  to  explaio. 

The  central  point  of  the  retina,  the  fovea  cenlralu,  is  distin- 
'  guisbed  from  the  rest  of  the  retina  by  its  peculiar  anatomical  struc- 
ture. It  is  also  distinguished  by  its  superior  discriminating  powers. 
It  is  the  only  part  of  the  retina  which  takes  minute  cognisance  of 
the  forms  of  objects.  We  may  satisfy  ourselves  of  this  by  fixing 
the  eyes  on  any  word  in  a  printed  book  held  at  the  nsual  reading 
distance.  While  the  eyes  remain  fixed  on  the  middle  of  any 
word  of,  say  six  or  seven  letters,  most  persons  will  find  that  they 
are  quite  unahle  to  perceive  a  single  Utter  of  the  adjoining  word. 
This  proves  how  limited  is  the  area  of  distinct  vision  on  the 
retinte. 

When  we  fix  the  eyes  on  any  distinct  object  in  an  exlende<l 
landscape  we  turn  the  axis  of  each  eye  to  the  object  especially 
examined,  and  the  images  of  it  fall  on  the  fovea  centrala,  and 
appear  single.  All  the  other  objects  in  the  landscape  are  mapped  at 
the  same  time  around  these  central  pointB,  on  corresponding  parts  of 
each  retina,  i.e.,  on  parts  which  are  correspondent  in  distance  and 
ihectioD,fiODi  the fovete  centrales;  and  these  objects  also,  so  far  as  we 
ran  see  them,  appear  single.  The  remarkable  circumstance,  how- 
ever, is,  that  the  slightest  shift  or  displacement  of  the  axis  of  one 
of  the  eyes,  and  of  the  image  on  it,  disorders  correct  vision,  and 
produces  the  perception  of  a  duplicate  impression  of  the  landscape. 
This  circumstance  has  led  authors  very  generally  to  the  con- 
clusion, as  I  have  said,  that  either  babit,  or  some  inscrutable  law 
of  the  rotinte,  causes  tiitgle  vision  when  corresponding  parts  of  that 
organ  are  impressed,  and  d<nible  vision  when  non -corresponding 
parts  of  the  two  retinss  are  acted  on.  The  writer  maintains  that 
these  phenomena,  and  also  the  phenomenon  of  increased  brightness 
obtained  by  the  use  of  both  eyes,  can  only  be  explained  on  the 
assumption  or  theory,  that  the  retinal  impulses  of  both  eyes  are 
united  in  a  central  cerebral  sensorium.     He,   therefore,  suggests 
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th&t  the  trae  optic  or  vitiuai  nerve-GbreB  Trom  the  retinte  cross  at 
the  optic  commiesure,  that  they  are  continued  through  the  optic 
tracts,  and  sweep  inwards  to  the  corpui  qttadrit/eminum;  that  those 
from  the  left  eye  enter  that  cerebral  lobe  at  the  right  side,  and 
spread  across  and  forward  in  it  in  the  form  of  an  inverted  cone ; 
while  the  nerve-fibres  of  the  right  eye  enter  the  same  lobe  at 
the  left  side,  and  spread  in  a  like  manner  across  it  from  left  to 
right.  The  fibiea  from  each  eye  tbas  cross  each  other  in  this 
lobe,  which,  from  being  an  important  central  ganglion,  and  most  inti- 
mately connected  with  the  fibres  from  the  optic  nerree,  the  writer 
Bug^sts  as  the  probable  sensoiium  in  vision.  The  efiect  of  this 
simple  arrangement  is,  that  the  corretponding  nervv-JUtrea  from  each 
retina  are  brought  into  jnitapositioD,  fibre  to  fibro ;  and  in  aatnral 
vision  the  Bensorium  thus  becomes  the  organ  in  which  the  nervous 
impulses  which  come  from  the  two  eyes  are  nnited  and  grouped  in 
the  form  they  occupy  on  the  retinie. 

When,  then,  in  the  experiment  before- mentioned  we  advance 
tlie  two  strips  of  card-board  but  a  short  way  at  each  side  of  the 
stereoscope,  their  images  are  found  on  the  inner  parts  of  each 
retina,  and  the  ends  of  the  strips  are  seen  as  two  separate  objecte, 
liecause  their  images  are  thrown  on  non-identical  portions  of  the 
retins,  and  different  parts  of  the  eensorium  are  accordingly  im- 
pressed. When,  again,  the  strips  are  advanced  a  little  further, 
till  the  images  begin  to  cress  the  centre  of  the  retina  of  each  eye. 
the  spectator  immediately  sees  the  ends  to  overlap,  and  at  thesoiiK- 
time  to  acquire  additional  brightness.  This  evidently  arises  from 
the  correaponding  parte  of  each  retina  being  impressed,  and  the  two 
similar  impulses  being  transmitted  to  that  portion  of  the  sensorium 
with  which  these  parts  of  the  retina)  are  in  connection,^-eacli 
nerve-fibre  from  the  one  eye  bringing  its  impulse  into  juxtaposition 
with  tlie  corresponding  impulse  from  the  other  eye.  And  thus  wo 
account  at  once,  for  the  increased  brightness,  and  the  apparent 
superposition  of  the  images  of  external  objects.  A  diagram  at  a 
glance  shows  how  these  are  the  necessary  results  of  the  arrange- 
ment of  the  nerve-fibres  which  we  have  suggested. 

That  the  nerve-fibres  coming  from  each  eye  are  not  united  or 
fused  in  the  sensorium,  but  merely  brought  into  juxtaposition,  is  a 
fact  also  proved  by  the  following  experiment  with  coloured  strips. 
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When  we  introduce  a  blue  strip  at  the  one  aide  of  the  stereo- 
scope,  snd  a  red  or  yellow  one  at  the  other  side,  till  they  appear  to 
overlap  or  unite  into  one  object,  the  result  is  increased  brightness 
where  they  overlap ;  but  there  is  no  blending  of  the  colours  bo  as 
to  produce  purple  or  green.  The  one  coloured  strip,  as  in  the 
experiment  with  the  coins,  shines  through  the  other;  or  at  onetime 
the  colours  are  alternately  visible,  at  another  time  one-half  of  each 
coloured  end  only  is  visible,  and  occasionally  spots  of  the  one  are 
seen  to  shine  through  the  ground  colour  of  the  other,  thus  estab- 
lisbing  the  important  fact  or  law,  that  though  the  combination  of 
different  colours,  external  to  the  living  organism,  produces  the 
effect  of  an  intermediate  colour,  yet  the  impulse  of  different  colours 
on  separate  retinee  can  not  be  so  combined  by  the  mind,  but  the 
impnlse  peculiar  to  each  colour  is  conveyed  by  the  nerve  receiving 
it  to  the  sensorium  unchanged,  and  excites  in  the  mind  its  own 
characteristic  sensation.  The  increased  intensity  where  the  adjoin- 
ing nerve -fibres  in  the  sensorium  are  all  in  action  I  attribute  tothf 
well-known  law  of  irradiation,  or  lateral  expansion  of  nervouH 
action,  which  exists  among  neighbouring  neive-fibres  when  power- 
fully excited 

The  arrangement  of  the  fibres  above  suggested  explains — 

Ut.  The  nature  and  cause  of  the  peculiar  action  of  the  identical 
retinal  points. 

2(1.  The  physical  cause  of  single  and  double  vision. 

3d.  The  reason  why  we  have  increased  brightness  by  the  use  of 
both  eyes,  whether  in  ordinary  vision  or  when  using  the  stereoscope. 

ith.  The  several  phenomena  force  us  to  the  couclusioo  that  visual 
sensation  innot  in  the  retinee,  but  in  a  common  cerebral  sensorium. 


3.  Additional  Note  on  the  Motion  of  s  Heavy  Body  along 

the  Circumference  of  a  Circle.    By  E.  Sang,  Esq. 

Abstract. 

In  the  course  of  physical  inquiries  we  meet  with  many  problems 

having  the  appearance  of  great  simplicity,  and  yet  presenting  to 

the   analyst  difBculties   of  the  highest  order.      The  law  of  the 

motion  of  a  .heavy  body  along  the  circumference  of  a  circle  is  one 
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One  particular  case  of  this  motion,  viz.,  the  case  of  the  swing- 
ing of  a  clock-pendulum,  ie  of  paramouot  importance,  and  has  been 
JDveatigated  with  very  great  care.  In  tbis  case  our  attention  is 
directed  principally  to  the  compulation  of  the  time  of  an  entire 
oscillation,  eince  it  is  tbis  which  deteimines  the  l)eatiDg  of  the 
clock.  In  the  paper  to  nhicb  this  note  is  an  addition  (Vol.  xxiv. 
Trans.),  a  very  rapid  method  of  computing  this  total  time  b 
gi7eD.  My  object  ie  now  to  supply  the  deficiency  in  that  paper, 
and  to  show  how  the  time  of  describing  any  given  portion  of  the 
whole  arc  may  be  computed. 

The  general  question  may  be  stated  thus: — A  heavy  body  is 
projected  with  a  known  velocity  along  the  circumference  of  a  circle, 
and  we  are  required  to  compute  the  time  in  which  it  will  reach 
any  indicated  position,  as  also  its  place  at  any  prescribed  time. 

No  practicable  solution  of  either  of  these  problems  has  hithtrte 
been  given,  with  the  exception  of  the  case  already  mentioned. 
This  note  contains  a  simple  and  complete  solution  of  both 
problems. 

If  a  heavy  body  be  projected  from  the  lowest  point  of  a  circle 
along  the  circumference  with  a  velocity  less  than  that  due  to  a  fall 
from  the  highest  point,  its  motion  becomes  slower  as  it  ascends, 
and  its  speed  is  entirely  exhausted  at  some  point  in  the  semi- 
circumference;  from  that  point  it  returns  to  the  bottom  of  the 
curve,  passes  to  the  other  side,  and  so  oscillates.  But,  if  the 
initial  velocity  be  greater  than  what  is  due  to  a  fall  along  the 
diameter,  the  body  paeses  the  zenith  point,  and  circulates  round 
and  round  the  circumference  with  an  unequable  motion.  And  if  the 
velocity  be  just  sufficient  to  carry  the  body  to  the  zenith  point,  it 
rests  there,  and  the  motion  ceases.  Now,  while  the  investigation 
of  the  oscillatory  and  of  the  continuous  motion  is  difficult,  that  of 
the  limit  between  the  two  is  easy. 

If  the  body  move  awa^  from  N  with  a  velocity  due  to  a  fall 
through  the  distance  ZN,  it  will  have,  when  it  reaches  the  point 
A,  a  velocity  due  to  a  fall  through  ZO.  But  the  distance  through 
which  a  weight  falls  freely  is  proportional  to  the  square  of  its 
iicquired  velocity,  and  ZG  is  proportional  to  the  square  of  ZA; 
wlierefore  the  velocity  at  the  point  A  must  be  proportional  to  the 
chord  ZA  ;  that  is  to  say,  the  rate  of  increase  of  the  angle  NZA  is 
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proportional  to  its  own  cosine;  or,  wiiting  A  for  this  angle,  we 
have 

dA  oc  cos  A .  rfi ,    rf(  X  sec  A .  dA 

and,  therefore,  the  time  occupied  in  passiog  over  some  fixed 
minato  portion  of  the  aio  at  A  is  proportional  to  the  secant  of  the 
angle  NZA. 

Id  Mercator'e  Projection  of  the  Sphere,  the  differences  of  the 
meridional  parts  are  proportional  to  the  secants  of  the  latitades, 
wherefore  the  time  of  describing 
the  arc  NA  must  be  proportional 
to  the  meridional  part  correspond- 
ing to  the  angle  NZA,  that  is, 
mnst  be  piopoitioual  to  the 
logarithmic  tangent  of  45°  -t-  ^  A. 
Measure  off  then  some  distance 
ZE  horizontally  to  represent  the 
linear  unit,  and  bisect  the  angle 
AZE  by  the  line  ZT  meeting  the 
plumb-line  from  E  in  T,  the  time 
of  passing  along  NA  is  propor- 
tional to  the  logarithm  of  KT, 
or  rather  to  the  logarithm  of  the 
ratio  of  ET  to  EZ.  Hence,  when 
the  angle  is  given  we  can  readily 
compute  the  time,  or  when  the  time  is  given  we  can  as  readily 
compute  the  angle;  and  thus  for  this  particular  case  the  problem 
is  completely  resolved. 

Making  EI  equal  to  EZ,  if  we  make  a  series  of  continued  pro- 
portionals EI,  EK,  EL,  ET,  EU,  Ac,  and,  joining  Z  with  the 
several  points,  make  angles  doubles  of  EIE,  EIL,  &c.,  we  ehall 
obtain  the  positions  of  the  moving  body  after  equal  intervals  of 
time.    The  time  of  its  reaching  Z  is  thus  infinite. 

The  relation  of  the  continuous  to  the  reciprocating  motion  may 
be  exhibited  by  a  simple  contrivance.  Let  two  straight  rods 
AG,  GB  be  jointed  at  the  point  C,  and  let  the  two  ends  A,  B  be  con- 
nected by  a  straight  line,  say  an  elastic  thread. 

If  the  rods  be  turned  so  as  to  lessen  the  angle  ACB,  the  angles 
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at  A  aod  B  will  iDorease.  If  the  motion  be  sufficieotlj  cod- 
tinned,  the  greater  angle  A  will  become  a  right  angle,  and  then 
B  will  have  reached  its  maximum.  Should  the  motion  be  etill 
farther  continued,  A  becomes  obtuse  and  B  decreases;  till,  when 
the  rods  have  entirely  closed,  A  becomes  180°  and  B  becomee 
zero.  Continuing  the  angular  motion,  A  becomes  a  leverae  angle, 
and  B  appears  on  the  opposite  side  of  AB.  Thus  the  alternate 
inorease  and  decrease  of  the  smaller  angle  B  resembles  the  changes 
of  the  angle  NZA  (Gg.  I),  when  the  motion  is  oscillatory.  And 
at  the  same  time  the  continual  development  of  the  angle  at  B 

Fig-  2. 


Fig.  8. 

resembles  the  change  of  NZA  when  the  heavy  body  over-passes 
the  zenith  point.  The  resemblance  is  a  close  one,  for  if  we  suppose 
CAB  to  increase  with  a  velocity  proportional  to  the  distance  PB, 
intercepted  by  the  perpendicnlar  CP,  its  variations  are  then 
exactly  analogous  to  those  of  the  angle  NZA,  when  a  heavy  body 
revolving  in  a  circle  whose  diameter  is  proportional  to  AC,  haa  its 
velocity  at  the  lower  point  equal  to  that  obtained  by  falling 
through  a  distance  proportional  to  CB.  And  similarly  the  vuia- 
tiona  of  the  smaller  angle  B  are  analogous  to  the  oscillations  of  a 
heavy  body  in  another  circle,  the  greatest  height  being  to  the 
whole  diameter  in  the  ratio  of  AC  te  CB. 

When  AC  is  very  small  in  comparison  with  CB,  the  maximum 
angle  B  is  also  small ;  that  is  to  say,  the  arrangement.represente  an 
oscillation  in  a  small  arc ;  but  when  the  two  rods  are  nearly  of 
equal  lengths,  as  in  the  case  of  CE,  ED  (,fig.  3),  the  maximum 
value  of  D  approaohes  to  a  right  angle,  and  the  airangement 
represents  an  oscillation  extending  to  nearly  the  whole  circum- 
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ference.  If  the  trigou  were  ieosceles,  tbe  represeDtation  would  be 
that  of  the  motion  which  we  have  already  iDTeetigated. 

If  the  angle  A  vary  with  a  velocity  proportional  to  PB,  and  B 
vith  a  velocity  proportional  to  AP,  the  exterior  angle  at  C  muBt 
have  the  rate  of  its  variation  proportional  to  AB.  Now,  if  we 
make  DCE  (fig.  3),  equal  to  half  the  sum  of  CAB  and  ABC,  CE 
a  mean  proportional  between  AC  and  CB,  and  then  inflect  ED 
equal  to  half  the  sum  of  the  same  lines,  the  perpendicular  EQ 
iutercepts  QD  Just  half  of  AB.  Thus  QD  is  proportional  to  the 
rate  of  increase  of  ECD,  and  consequently  CQ  to  the  rate  of  change 
of  CUE  Thus  tbe  synchronous  variations  of  the  trigons  ACB 
and  CED  would  represent  four  conneoted  cases,  two  of  oscillation 
and  two  of  revolution  in  a  circle. 

Now,  tbe  ratio  of  CE  to  ED  is  much  nearer  to  one  of  equality 
than  is  tbe  ratio  of  AC  to  CB;  and  if  we  were  to  proceed  again  in 
the  same  way,  we  should  obtain  a  trigon  still  more  nearly  isosceles ; 
and,Bfteraveryfewoperationsof  this  kind,  we  shall  obtain  a  trigon 
sensibly  isosceles.  That  is  to  say,  we  shall  have  referred  tbe 
oscillation  in  a  given  arc  to  the  motion  in  just  tbe  whole  circum- 
ference. So,  seeing  that  tbe  motion  in  this  last  case  has  been 
completely  investigated,  we  have  a  complete  solution  of  the  general 
problem;  tbe  necessary  calculations  beingof  remarkable  simplicity. 

4,  On  the  Capture  of  a  Sperm  Whale  on  tbe  Coast  of 
Argyleshire,  with  a  Notice  of  other  Specimens  caught  on 
the  Coast  of  ScotlaDd.     By  Professor  Turner, 

In  the  autumn  of  last  year,  whilst  spending  a  few  days  in  the 
neighbourhood  of  Oban,  I  visited  Dunstafl'nage,  and  in  tbe  court- 
yard of  the  Castle  saw  the  two  halves  of  tbe  lower  jaw-bone  of  a 
sperm-whale.  On  inquiry,  I  learned  that  they  were  the  relics  of  a 
whale  captured  some  years  ago  in  the  neighbouring  sea.  From 
some  of  tbe  older  inhabitants  of  Oban  I  gleaned  some  particulars 
respecting  this  animal;  and  as  no  record  of  its  capture  has  as 
yet  found  a  place  in  zoolc^cal  literature,  I  am  induced,  as  the 
sperm-whale  so  very  seldom  visits  our  shores,  to  communicate  a  brief 
notice  to  tbe  Society. 

In  the  month  of  May  1829  a  large  wbale  was  seen  spouting  in 
vol,.  VII.  3  o 
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the  Sound  between  Lismore,  UuU,  and  the  m&inluid.  Tbe  fisher- 
men were  at  first  afraid  to  approach  it,  but  as,  after  a  few  days, 
the  animal  became  less  active  in  its  movementB,  they  sallied  forth 
in  boats,  and  ioflicted  severe  wounds  with  harpoons  and  other 
weapons.  Tbe  animal  was  then  secured,  and  towed  aebore  in 
DuDstaffnage  Bay,  close  to  the  ruins  of  the  Castle.  It  waa  said  to 
have  been  about  60  feet  long,  and  poaBeeeed  a  very  bulky  head,  with 
a  square  snout.  It  waa  at  once  seen  to  be  very  different  in  ito  form 
and  appearance  from  the  targe  whales  which  usually  visit  our  shores; 
but  it  was  not  until  an  oily  fluid,  which  flowed  out  of  a  wound  near 
the  snout,  and  congealed  on  the  surface  of  the  water,  waa  recogniaed 
to  be  spermaceti,  that  the  character  and  value  of  the  animal  was 
determined.  A  considerable  quantity  of  spennaceti  waa  obtained 
from  the  great  cavity  in  the  head,  and  the  blubber  yielded  a  large 
amount  of  oil.    I  could  learn  nothing  definite  as  to  tbe  sex. 

Tbe  lower  jaw  waa  preaerved  aa  a  relic  in  DunstafTnage  Castle, 
and,  in  the  garden  of  one  of  tbe  hotels  in  Oban,  I  met  with  a  caudal 
vertebra,  which  was  said  to  have  belonged  to  this  animal. 

When  I  saw  the  jaw  it  waa  much  injured.  Not  only  were 
all  the  teeth  lost,  but  the  symphysial  ends  of  both  balvea  were 
broken  off,  and  the  expanded  articular  portion  of  tbe  right  half 
sawn  off  and  removed.  It  ie  to  be  feared,  if  some  care  be  not  taken 
to  preserve  the  fragments  which  remain,  that  in  a  few  years  all 
traoe  of  this  rare  and  interesting  apeoimen  will  have  disappeared. 

From  the  left  mandible  some  meaeurementa  were  obtained  which 
may  give  an  approximation  to  tbe  dimensions  of  the  bone.  The 
length  was  149  inches;  but  ae  the  anterior  end  was  absent — as, 
indeed,  only  the  sockets  of  sixteen  teeth  remained — this  meoanre- 
ment  falls  several  inches  short  of  the  original  length  of  the  bone. 
The  articalar  end  waa  expanded,  and  poasesaed  a  vertical  diameter 
of  22  inches.  On  its  inner  face  was  tbe  very  large  opening  of  the 
dental  canal.  Close  to  tbe  junction  of  the  articular  and  dentary 
parts  of  tbe  mandible  was  a  well-marked  constriction,  where  the 
bone  measured  only  8  inches  in  breadth.  Tbe  breadth  of  the 
alveolar  edge  of  the  jaw,  about  its  middle,  was  i^  inches.  In  its 
general  form  the  mandible  was  brood  and  thin  at  ita  articular 
part,  then  constricted,  beyond  which  it  dilated,  and  then  gradually 
tapered  away  to  the  anterior  estremity. 
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The  firat  iDHtance  on  record  of  the  etrandingof  &Bpeno-whale 
on  the  Scottish  coasts  is  the  specimen  described  in  the  *'  Phal- 
ainologia  NoTS,"  by  Sir  E.  Sibbald,  which  came  ashore  at  Lime 
Kilns,  on  tho  north  side  of  the  Forth,  in  Febroary  1689.  It 
was  a  male,  52  feet  long,  and  had  42  teeth  in  the  lower  jaw. 
Several  portions  of  this  animal  were  preaerred  by  Sibbald  in  his 
muBenm,  and  formed  a  part  of  the  collection  which  was  presented 
by  him*  to  the  University  of  Edinbui^h. 

In  the  copy  of  the  "  PhaUinologia  Nova,"  in  the  library  of  the 
Boyal  College  of  Physicians  of  this  city,  a  manuscript  letter  has 
been  inserted,  in  which  an  acconnt  is  given  of  the  stranding  of 
another  sperm  whale  in  the  Forth.  The  manuscript  is  entitled 
"Part  of  a  Letter  from  Ur  James  Pateison,  Keeper  of  the 
Balfourean  Museum  at  Edinburgh,  to  Mr  Edward  Lhwyd,  Keeper 
of  the  Asbmolean  Museum  at  Oxford.  Edinburgh,  July  22,  1701." 
Penes  E.  W.f 

"  There  was  lately  a  pretty  big  whale  came  in  at  Grawmond.  It 
had  no  whalebone,  and  teeth  only  in  the  lower  jaw,  which,  accord- 
ing to  Sir  B.  Sibbald,  is  the  cbaractenstick  of  yt  kind  which 
has  ye  sperma  cete.  You  have  ys  figured  in  Jonston,  tab.  42  of 
his  Fishes.t    Diverse  of  our  physicians  were  present  at  ye  opening 

■  Auctorinm  Mnesi  Balfanriani  e  Mnsno  Sibbaldiano:  sire  EDUmeratio 
et  Descriptio  Rernin  Rmoram,  tkm  Natnnlinm,  quam  Aitiflcielium,  tim 
DomeBtic«nim  qnam  Eiaticarum :  qnaa  Kobeitns  Sibbaldna,  M.D.  Eqaea 
Auratas,  Academiie  Edinbnrgene  donavit.  Edinbnrgi,  impreMniD  per  Aca- 
demin  TypagmphDm,  Bumptibns  AcBdemiie,  16B7.  In  tbis  catalogae,  nnder 
the  bead  "  Da  FieciboB  Vmpaiis  BaiiboB,"  tbe  following  Bpecimem  obtained 
from  tbJB  iperm  nhale  ate  tefened  to: — A  tooth,  tbe crTBtalline bmnonr  of 
the  eje,  a  fragment  of  tbe  fleah  and  akin,  and  a  speeimen  of  apermaceti 
from  the  bead.  "  Tbe  Sperma  Celi  was  lodged  most  of  It  witbin  the  aknll  of 
it,  which  was  of  a  prodigioni  bignesa." 

+  Mr  Small,  the  Librariaji  to  the  Dniveraitj  and  to  tbe  College  of  Phym- 
cianB.  infoTDiB  roe  that  tbe  initials  "  E.  W."  axe  in  all  probability  those  of 
Dr  EdwBid  Wright  of  Kerale,  who  became  a  Fellow  of  tbe  College  in  1768. 
His  valaable  library  of  works  on  natural  history,  of  wbiob  the  copy  of  the 
"  Phalainologia  Nova,"  above  referred  to,  formed  a  part,  naa  preaentod,  In 
1761,  to  tbe  College  by  Alexander  Qibaon  Wright,  Eaq.  of  Cllftouball. 

•  The  "  HlBtoria  Natoralifl,"  by  JoanneB  JonstoniiB,  M.D.,  was  pubUahed 
et  AmBterdam  in  1667.  Book  v.  De  piscibiu  et  cetis,  contains  a  folio  plate, 
tab.  42,  on  which  is  repiesented  a  great  whale,  60  feet  long,  lying  on  ita  right 
side,  and  presenting  its  abdomen,  with  a  large  pendnlons  penis,  to  the  ob- 
serrer.     From  tbe  form  of  the  head  and  tbe  shape  of -the  lower  jaw  it  is 
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of  ye  bead,  wbere  they  got  2  barrele  of  sperma  cete :  This  filled 
up  the  whole  cranium ;  tbey  could  find  do  other  thing  they  could 
call  ye  brain,  if  it  were  not  a  friable  cineritiouB-like  eubetance, 
which  eeemed  very  improbable.  They  found  ye  eperma,  not  only 
in  ye  head  and  spina  dorsi,  but  (which  perhaps  has  not  i^een 
hitherto  observed)  diBpereed  through  ye  whole  body ;  in  ye  glands, 
whence  they  prest  it  oat  in  consideruble  quantities.  The  chyrur- 
gions  spoke  of  buying  the  skeleton ;  but  I  don't  know  how  it 
came,  ye  owners  disposed  of  all  another  way,  so  yt  neither  they 
nor  wa  got  anything  of  it.  DrSlbbald  got  a  tooth.  He  has  made 
a  description  of  it,  and  says  he  has  materials  for  a  2nd  part  of 
his  '  Phalainologia.'  Our  whale  was  a  male:  the  penis  appeared 
near  7  feet  without  ye  body.  The  wbole  length  of  the  creature 
was  near  52  feet,  and  ye  circumference  of  ye  biggest  part  of  it 
about  30.  The  nether  jaw  was  only  3  foot  ^  about,  and  had  48 
teeth  in  it.  The  upper  jaw  had  sockets  lined  with  cartilages  to 
receive  'em." 

Dr  Wright  has  also  inserted  into  the  same  copy  of  tbe  "  Phalain- 
ologia Nova"  a  plate  containing  sis  figures,  which  are  marked  as 
follows:— Fig.  1.  Baleena  fcemica,  pinnis  et  cauda  sinuatis;  fig. 
2.  Baltena  Macrooephala  in  faciem  obversa,  ut  dorsum  appareat ; 
fig.  3.  Eadem  in  latus  decumbena;  fig.  4.  Delphinus;  fig.  5. 
Phoccena;  fig.  6.  Pediculus  Ceti  Bocconi. 

Id  explanation  of  this  plate,  Sr  Wright  states — "  This  plate  1 
found  iu  a  book  of  original  drawings  of  Sir  Robert  Sibbald's,  which 
I  met  with  accidentally  some  years  ago.  All  the  explanation  1 
could  make  out  is  as  follows: — Fig.  1.  The  original  drawing  is 
marked  in  Sir  Bobert  Sibbald's  own  band,  '  A  Whale  cast  in  at 
Resyth  Castle.'  Figs.  2,  3,  marked  iu  Sir  Robert's  hand,  '  A  Sperma 
Ceti  Whale,'  and  in  another  hand,  '  Whaile  at  Monyfeith,  Feb. 
23, 1703— <fig'  2)  backe,  to  represent  the  taill ;  (fig.  3)  side ;  but 
it  did  lay  halfe  upon  its  side  that  one  Ey  &  a  litle  of  the  hellie  was 

obvioualj  a  sperm  whale.  The  drawing  haa  cl«ul7  been  made  from  the 
animal  as  it  laj  on  the  beach,  ai  the  cout  line,  and  nameroni  fignres  of  per- 
sona, either  gasing  at  the  whale  or  on  their  waf  lo  see  it,  are  careful!;  g^ivea. 
The  whole  plate  haa  an  ait  of  truth  and  nalnte  which  contnuta  favonrablr 
*iith  the  imtginarj  flgurea  of  dru^na.  meTmaida,  hasiiiakii,  griffin?,  and 
nnicoma  repregented  in  other  pitrtB  of  the  irorh. 
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Banded.  57  foote  long  and  56  round,  tooth  under,  &  all  the  skin 
blackish  blew,  werie  smooth,  and  ae  thick  aa  a  bull's,  &  all  white  ' 
fat  within  Sc  nixt  the  skin.'  " 

Figures  2  and  3  are  verj  fair  rep  reseQ  tat  ions  of  the  back  and 
left  side  of  a  male  sperm  whale,  and  the  plate  was  in  all  proba- 
bility prepared  for  the  second  part  of  his  "  PhalaiDoIogia,"  which 
does  not  seem,  however,  to  have  been  published, 

In  the  year  1756  a  sperm  whale,  63  feet  long,  is  said  to  have 
been  stranded  on  the  west  coast  of  Boss-shire.* 

In  the  year  1769  a  third  specimen  was  seen  in  the  Forth.  It 
ran  ashore  on  Cramond  Island,  on  December  22,  and  was  there 
killed.  It  was  described  and  figured  by  Mr  James  Robertson,  of 
Edinburgh,  in  the  "  Pliilosophical  Transactions,  "t  This  animal 
was  a  male,  and  measured  54  feet  in  length,  the  greatest  circum- 
ference being  30  feet, 

In  the  Statistical  Account  of  Scotland,  vol.  v.,  1793,  it  is  stated 
in  the  account  of  Unst,  in  Shetland,  that  "  the  spermaceti  whale 
sometimes  wanders  to  this  coast,  and  is  here  entangled  and  taken." 
The  Rev.  George  Low,  in  his  "  Fauna  Orcadensis,"  1813,  says  that 
the  sperm  whale  "  is  often  drove  ashore  about  the  Orkneys,  and 
sometimes  caught.  One,  about  50  feet  long,  was  caught  in  Hoy 
Sound,  some  years  ago,  from  which  was  extracted  a  vast  quantity 
of  spermaceti ;  ae  also  another,  which  drove  ashore  in  Hoy." 

The  most  recent  specimen,  also  a  male,  of  this  animal  was 
washed  ashore,  in  a  much  decomposed  state,  in  July  18G3,  near 
Thurso.  The  skeleton  was  presented  to  the  British  Museum,  and 
formed  a  part  of  the  material  from  which  Professor  Flower  has 
drawn  up  bis  admirable  account  of  the  osteology  of  the  sperm 
whale. 

This  whale,  in  the  tropical  or  semi-tropical  seas,  which  more 
especially  are  its  proper  habitat,  moves  about,  as  a  general  rule,  in 
large  herds  or  "schools,"  The  eight  well- authenticated  speci- 
mens which  have  now  been  captured  on  the  Scottish  coasts  have 
been  solitary  animals,  which  have  wandered  northwards,  perhaps, 
in  the  track  of  the  Gulf  Stream.     Of  these  eight  specimens  theses 

*  Jordine's  "  NataraliBt's  Library.  Hammatia,"  toI.  vi.     Cetacea.     Edin- 
bnrgh,  ISST, 
■t  March  10.  1770. 
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of  three  was  either  not  reco^ieed  or  has  not  been  stated.  Five, 
however,  are  known  to  have  been  males— a  circumatance  of  con- 
eideiable  interest,  as  it  serves  to  corroborate  the  statement  made 
by  Mr  Thomas  fieale,  in  bis  work  on  the  natural  histor;  of  the 
sperm  whale,  that  "  the  large  and  fully-grown  males  always  go 
singly  in  search  of  food." . 

5.  On  the   Efficient    Powers  of  Parturition.     By  Dr  J. 
Mattbew8  Dunc&n. 

There  can  be  no  doubt  that,  among  the  numerous  matters  at 
present  occupying  the  attention  of  obstetricians,  none  is  more 
important  than  the  subject  of  this  paper.  So  evident  is  the  cor- 
rectnesH  of  ibis  statement  that  one  cannot  but  wonder  why 
attempts  to  arrive  at  the  truth  have  been,  so  far  aa  we  know, 
delayed  till  tbe  present  day.  It  is  long  since  excellent  leeearches 
of  an  analogous  kind  in  regard  to  tbe  force  of  tbe  circulation  of 
tbe  blood,  the  power  of  the  ventriclea  of  the  heart,  were  pub- 
lished ;  yet  such  lesearobes  do  not  seem  naturally  so  attractive,  nor 
do  they  give  promise  of  so  valuable  practical  reeulte  as  those  into 
the  power  of  labour. 

It  is  well  known  that  the  first  and,  I  believe,  tbe  best  reenlla  in 
this  inqniry  have  been  obtained  by  careful  deduction  from  experi- 
ments on  tbe  tensile  strength  of  tbe  amniotic  membrane.  Tbe 
researches  referred  to  were  made  quite  independently,  and  pub- 
lished soon  after  one  another  by  Poppel,  of  Uunich,  and  by  Tait 
and  myself  conjointly.  Studying  this  subject,  I  thought  of  some 
other  modes  of  reaching  conclusions,  such  as  by  observations  on  the 
caput  succedaneum.  Means  might  be  taken  to  find  tbe  force 
required  to  raise  a  caput  succedaneum,  and  tbe  variations  of  force 
required  to  raise  this  swelling  in  different  degrees  of  thickness. 
Snob  an  investigation  would,  no  donbt,  lead  to  similar  valuable 
results,  but  tbe  plan  has  never  been  employed.  Again,  obeeiva- 
tiona  might  be  made  to  ascertain  tbe  foree  required  to  ruptnie  tbe 
fourchette  or  the  perineum,  and  thus  a  fact  might  be  got  which 
would  he  of  service  in  this  inqniiy.  It  is  well  known  to 
accoucheurs  how  these  parts  sometimes  offer  a  successful  resistance 
to  all  the  powers  of  labour.    This  resistance,  if  it»  force  be  aecer- 

DiqitlzscbyGOOqlC 


of  Edinburgh,  Session  1870-71.  371 

tained,  is  of  conree  a  measure  of  the  power  employed ;  at  least,  it 
would  afford  a  valuable  reeult  as  to  the  limits  of  the  power.  Like 
statements  might  be  made  regarding  the  laceration  of  tfae  margin 
of  the  cervix  uteri,  as  a  test  of  the  power  exerted  at  the  completion 
of  the  firet  stage  of  labour.  Many  methods  were  available,  but 
none  were  till  very  recently  worked  out. 

[t  is  probable  that  many  intelligent  and  thoughtful  accoucheurs 
had  some  rough  ideas  as  to  the  amount  of  power  exerted  in  partu- 
rition. They  could  not  fail,  in  attending  on  ordinary  labours,  to 
observe  the  strength  of  hand  and  arm  required  to  keep  back  the 
bead  too  rapidly  advancing  over  a  delicate  perineum.  This  power 
is,  under  certain  condition!),  a  measure  of  the  force  of  the  labour, 
but  I  am  not  aware  that  any  one  has  hitherto  made  the  simple 
and  proper  dynamometrical  experiments  to  decide  the  amount  of 
force  flo  exerted  by  the  acoonchear.  The  problem  may  be  more 
exactly  stated  as,  follows : — If  in  an  unobstructed  and  powerful 
labour,  the  acconohenr,  by  the  directly  opposing  pressure  of  hia 
hand  on  the  fcetal  head,  arrests  its  progress  for  one  or  several 
pains,  he  has  in  the  pressure  of  his  hand  a  force  which,  added  to  the 
small  amount  required  to  effect  parturition,  exceeds  all  the  com- 
bined powers  of  labour  in  this  case.  He  may  then  estimate  by 
dynamometrical  experiment  what  was  the  force  be  used,  or  what 
force  he  is  capable  of  applying  in  the  way  in  which  he  actnally 
applied  it  to  arrest  the  progress  of  labour.  This  experiment  may 
he  varied  in  different  ways,  of  which  I  may  mention  one.  Let  us 
suppose  a  case  of  rigid  vulva,  the  perineal  resistance  beiog  over- 
come, and  the  head  retroceding  during  the  interval  between 
powerful  bearing  down  pains.  Now,  it  is  well  known  that  in  such 
a  case  a  little  manual  pressure  from  above  may  be  enough  to  push 
the  head  down  again  on  the  perineum,  or  to  resist  retrocession,  or 
that  the  first  and  painless  part  of  the  next  pain  will  make  the  head 
that  has  retroceded,  again  bulge  ont  the  perineum,  before  it  is 
forced  by  the  powerful  acme  of  the  pain  against  the  resisting 
vulva.  If,  then,  the  practitioner  opposes  the  advance  of  the  head 
even  so  far  as  to  bulge  out  the  perineum,  he  must  have  a  nearly 
exact  measure  of  the  force  which  the  labour  could  bring  to  bear 
against  the  vulvar  obstacle. 
In  such  experiments  or  practice,  what  force  does  the  accoucheur 
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exert?  I  have  a  hand  well  accustomed  to  such  work,  and  1  fiod, 
by  actual  trial  with  an  accurate  dyoamometdr,  50  lbs.  to  be  about 
the  bigboBt  power  I  con  use,  situated  as  I  am  at  the  bedside  in  at- 
teodauce  on  a  case.  I  have  ample  reason,  then,  iD  such  experieDce 
to  believe  that  very  few  pf  the  most  powerful  labours  exert  a  force  of 
60  lbs. ;  that  an  ordinary  strong  labour  is  easily  anested  by  a 
much  smaller  force  than  50  lbs. ;  that  the  great  majority  of  labours 
ia  accomplished  by  repeated  efforts  whose  highest  power  never 
exceeds  25  lbs.  I  may  add  that,  in  the  great  mass  of  short  forceps 
deliveries,  the  force  required  from  the  accoucheur,  even  when  be 
delivers  the  head,  unaided  by  the  natural  efforts,  seldom  reaches 
50  lbs.  These  statements  are,  to  a  great  extent,  arbitrary  or 
dependent  on  my  skill  as  an  observer,  yet  I  feel  very  confident  of 
their  accuracy. 

Again,  the  intelligent  practitioner  who  has  observed  a  case  of 
difScult  labour  finished  either  by  the  long  forceps  or  by  podalic 
extraction,  could  not  but  form  some  longh  idea  of  the  force  he 
used,  and  compare  it  with  the  force  which  the  labour  exerted  in 
ite  nugatory  struggles.  The  force  which  the  accoucheur  thus 
exerted  woufd  not  be  certainly  the  equivalent  of  what  the  labour 
must  have  put  forth  in  order  to  produce  a  spontaneous  termination. 
It  would,  no  doubt,  in  most  cases  surpass  the  force  which  the 
mother  must  have  exerted  to  produce  the  spontaneous  birth.  But 
it  would  be,  nevertheless,  a  valuable  measurement  indicating  a 
force  which  in  such  a  case  the  labour  failed  to  produce.  Jonlin 
and  I  have  made  dynamometrical  experiments  to  make  use  of 
such  measurements  in  estimating  the  highest  power  of  labour. 

Another  method  of  advancing  our  knowledge  of  this  subject  has 
been  followed  by  the  Bev.  Professor  Haugbton.  This  gentleman 
does  nol,  as  his  predecessors,  examine  the  effects  produced  by  the 
powers  of  labour,  and  thus  get  results  having  a  very  distinct  positive 
value.  He  follows  a  plan  which  may  be  justifiable,  yet  which  is 
difficult  and  dangeritus.  He  takes  an  almost  opposite  method  to 
that  used  by  me.  He  measures  the  bulk  and  the  extent  of  the 
involuntary  and  voluntary  muscles  employed  in  the  function,  and 
from  these  data  be  arrives  at  conclusions  which  he  in  one  particular 
corroborates  by  a  simple  experiment. '  The  results  arrived  at  are 
statements  of  the  powers  of  the  ports,  which  are  true  if  his  methods 
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are  true.  Even  if  his  methods  are  correct,  tlie  results  are  not 
actual  values,  but  possible  values,  or  statemeats  of  wbat  may  be, 
not  of  wbat  has  been. 

These  results  aie  very  different  from  those  of  Poppel,  Tait,  and 
myself,  and  it  is  one  of  the  objeoLsof  this  paper  to  inquire  into 
their  valne.  In  doing  this,  I  shall  not  disouss  the  method,  but 
meiely  examine  the  results,  by  the  aid  of  any  obstetrical  light 
which  I  can  throw  upon  them. 

Before  proceeding  to  this  inquiry,  it  is  to  be  remarked  that 
Haughton  arrives  by  his  method  at  new  results  which  the  methods 
of  previous  observers  did  not  afford  the  means  of  reaching.  There 
are,  as  is  uaiversBlly  known,  two  great  forces  employed  in  labour — 
the  uterine  contractions  and  the  involuntary  and  voluntary  bearing 
down.  The  former  of  these  forces  is  peculiar  to  the  parturient 
female.  The  latter,  as  Haughton  truly  observes,  is  not  peculiar  to 
parturition,  but  ie  "  available  to  expel  feces,  urine,  or  a  ftetus." 
Hangbton's  plan  is,  to  examine  the  uterus,  measure  it,  and  through 
this,  arrive  at  a  conclusion  as  to  its  power ;  then  to  examine  the 
muBoles  which  co-operate  to  produce  bearing  down,  measure  them, 
and  through  this  arrive  at  a  conclusion  as  to  their  power.  The 
addition  of  the  two  results  will,  of  course,  give  the  power  of  labour. 
As  I  have  already  said,  this  is  a  dangerous  and  difficult  plan  to 
follow,  and  this  is  because  there  is  room  for  error  at  every 
step. 

The  oonclnsions  which  Poppel  and  Tait  and  myself  enunciated 
regarding  the  power  of  natural  parturition  stand  on  a  completely 
different  and,  it  appears  to  me,  far  more  secure  footing.  There 
can,  indeed^  be  scarcely  any  important  difGculty  raised  regarding 
them.  The  strength  of  the  fcetal  membranes  is  ascertained  by 
experiment.  Certain  facts  are  well  known  regarding  the  rupture 
of  the  membianea  generally,  and  regarding  their  rupture  in  the 
labours  in  which  the  membranes  experimented  on  were  produced. 
These  two  sets  of  data,  when  put  together,  lead  by  a  process  of 
reasoning,  wbith  it  would  be  tedious  here  to  recapitulate,  to  con- 
clnsions  regarding  the  lower  limit  of  the  power  of  natural  labour, 
and  regarding  the  power  of  labour  generally,  which  cannot,  so  far 
as  I  see,  be  cavilled  at.  It  is  evident  that  this  method  tests  only 
the  whole  or  the  combined  powers  of  labour.    Tt  can  afford  no  bint 
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OB  to  the  comparative  value  of  the  two  forces  which  combine  to 
produce  the  power  which  ia  to  be  measured. 

The  results  giveu  in  Professor  Haugbton's  paper  which  appe&r 
to  me  to  be  both  new  and  impoitant  are  three.  I  shall  first  state 
them,  and  then  proceed  to  their  examination  one  by  one  : — 

1.  The  first  conclusion  is,  that  "  the  uterine  muscles  are  capable 
of  rupturing  the  membranes  in  every  case,  and  possess  in  general 
nearly  three  tiroes  the  amount  of  force  requisite  for  this  purpose." 
....  "It  would  be  a  waste  of  power  (adds  Baughton)  to  endow 
the  uterus  with  more  force  than  I  have  shown  it  to  possess,  for  it 
is  not  necessary  that  the  uterus  should  complete  the  second  stage 
of  labour,  as  the  abdominal  muscles  are  available  for  this  purpose ; 
so  that  by  usiug  them,  and  not  giving  the  uterus  more  force  tban 
is  absolutely  necessary  for  the  first  stage  of  labour,  an  admirable 
economy  of  muscular  power  is  effected."  .  ,  .  "  The  extreme 
force  of  uterine  contraction  produces  a  pressure  of  3'402  lbs.  per 
square  inch,  which  is  equivalent  to  a  pressure  of  54106  lbs.  acting 
upon  a  circle  of  four  and  a-half  inches  in  diameter,  which  is 
assumed  as  the  average  area  of  the  pelvic  canal." 

2.  The  second  of  Professor  Haughton's  new  and  important 
conclusions  is,  that  the  action  of  the  voluntary  abdominal  muscles 
"  constitutes  the  chief  part  of  the  force  employed  in  difficult 
labours."  .  .  .  "The  amount  of  available  additional  force  given 
out  by  the  abdominal  muscles  admits  of  calculation,  aod  will  be 
found  much  greater  than  the  force  produced  by  the  involuntary 
contractions  of  the  womb  itself." 

3.  The  third  conclusion  is,  "  that,  on  an  emergency,  somewhat 
more  than  a  quarter  of  a  ton  pressure  can  be  brought  to  beat  upon 
a  refractory  child  that  refuses  to  come  into  the  world  in  the  usual 
manner."  ...  "  Addiug  together  the  combined  forces  of  the 
voluntary  and  involuntary  muaoles,  we  find — 

Involuntary  muscles  =     5410  lbs. 

Voluntary  muscles  .  =  52365  lbs. 

Total     .         .         577-75  lbs.  av." 

I.  The  first  of  Professor  Haughton's  conclusions  on  which  I 
comment  is,  to  the  effect  that  the  unaided  uterine  muscle  cao 
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exert  a  force  in  labour  of  54  lbs.,  tfaat  this  force  is  employed  id 
dilatiDg  the  cervix  and  rapturing  tbe  membranes,  and  that  it  can 
or  does  effect  little  more. 

Now,  it  appears  to  me  that  Haugbton  limila  far  too  much  tbe 
use  of  tbe  power  of  tbe  ntenis.  I  have  no  doubt  that  tbe  uterine 
efforts  not  only  dilate  the  cervix  and  rupture  tbe  membraneB  in 
.most  cases,  but  also  do,  in  most  cases,  perform  the  chief  part  of 
the  work  required  to  bring  forth  the  child.  Although  I  do  not 
coincide  with  Hungbton  in  bis  reSectione  on  the  economy  of 
muBcnlar  power,  I  shall  not  discuss  the  point  therein  raised.  Tet 
I  cannot  avoid  saying  that,  in  tbe  present  instance,  his  own  state- 
ments invalidate  bis  reflections,  for  he  asserts  that  the  nterine 
muscle  has  three  times  tbe  amount  of  muscular  power  required  to 
do  the  work  demanded  of  it,  In  endowing  the  uterus  with  this 
great  power,  Haughton,  in  my  opinion,  furnishes  couclusive  evi- 
dence against  his  own  view  as  to  tbe  use  of  the  contractions  of  the 
uterus.  For  I  am  sure  that  the  great  mass  of  births,  even  in 
difficult  labours,  including  only  the  most  difGcult,  is  effected  hy  a 
force  less  than  what  Haugbton  ascribes  to  the  uterine  muscle 
alone.  I  am  satisfied  that  tbe  whole  combined  powers  of  labour 
seldom  reach  above  50  lbs.,  while  Haughton  gives  tbe  uterus  alone 
a  power  of  54. 

I  do  not  say  Haughton  is  wrong  in  supposing  that  the  uterus 
can  exert  a  force  of  54  lbs.  On  tbe  contrary,  I  have  no  reason  to 
doubt  it.  But  1  am  sure  that  while  easy  labours  require  for  their 
whole  work  a  force  scarcely  exceeding  the  weight  of  tbe  child, 
only  a  few  difficult  labours  require  for  their  whole  work  a  force 
exceeding  50  lbs. 

Every  accoucheur  knows  to  some  degree  of  exactness  the  force 
which  is  required  to  restrain  the  forward  movement  of  the  child 
when  there  is  no  special  resistance  to  its  advance.  This  power  I 
have  measured  approiiroatively  by  dynamometricol  experiments, 
and  I  find  it  to  be  at  the  most  50  lbs., — a  power  less  than  what 
is  ascribed  by  Haughton  to  the  unaided  uterus.  In  other  words, 
tbe  uterus  and  voluntary  muscles  combined,  stimulated  to  violent 
effort  by  insuperable  temporary  resistance,  exert  a  force  greater 
than  is  required  tocomplete  the  labour;  yet  this  force  is  generally 
much  less  than  50  lbs.,  and  possibly  never  exceeds  it. 
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It  is  well-knowD  to  accouoheuTS  that  the  great  leeUtance  to  tbe 
progreee  of  the  child  in  the  second  stage  of  labour  ie  what  is  called 
in  obBtetricB  the  perineum.  The  power  of  this  part  I  do  not  know, 
and  guessing  is  a  bad  proceeding  in  a  scientific  paper.  Tet  I  maj 
ventore  to  aay  that  no  perineum  would  long  resist  a  force  of  50 
lbs.  repeatedly  applied,  a  force  lesa  than  Haughton  ascrihea  to  tbe 
uterine  muscle. 

II.  Haughtoo's  eecoud  conclueion  ia  that  the  chief  force  in  par- 
turition is  furnished  by  tbe  voluntary  muscles.  Tbe  available 
power  of  these  is  (he  says)  523  lbs.,  while  that  of  the  uterus  is  Si. 
The  whole  amount  of  expulsive  force  of  the  voluntary  muscles  is, 
be  says,  not  usually  employed  to  assist  the  uterus  in  completing 
tlie  second  stage  of  labour ;  but  this  does  not  contradict  the  oou; 
elusion  we  have  ascribed  to  him.  Tbe  conclusion  is  indeed,  for 
Professor  Haughton,  inevitable,  for  every  accoucheur  knows  that 
the  bearing  down  efiorts,  whatever  may  he  their  actual  measured 
power,  are  very  strong,  perhaps  as  strong  as  possible,  quite  fre- 
quently in  ordinary  labours.  Besides,  Haughton  himself  expounds 
his  meaning  in  the  following  words : — "  It  is  plainly  necessary  that 
the  first  stage  in  tbe  expulsion  of  the  fcetus  shonld  not  be  intrusted 
to  a  voluntary  muscle,  and  hence  an  inroluntary  muscle  Is  gradu- 
ally provided,  which  takes  the  initiative  and  commences  the  pro- 
cess of  parturition,  the  completion  of  which  is  then  accomplished 
by  the  aid  of  voluntary  muscles,  to  the  employment  of  which,  at 
this  stage,  no  moral  objection  can  be  raised.  It  is  also  necessary 
(if  the  Contriver  be  allwise,  or  if  the  principle  of  least  action  in 
nature  be  true),  that  the  involuntary  muscle  bo  produced,  should 
not  possess  more  or  less  force  than  is  requisite  for  its  purpose. 
The  uterine  muscle  does  not  grow  to  meet  a  growing  resistance 
(as  happens  frequently  in  other  cases),  and  its  precise  degree  of 
strength  cannot  be  produced  by  a  tentative  process ;  for  in  healthy 
gestation  the  uterine  muscle  never  tries  its  force  against  the  mem- 
branes it  is  called  upon  to  rupture  until  the  actual  period  of 
parturition  has  arrived." 

The  view  expounded  in  these  words  has  great  authority  on  its 
side  beside  that  of  the  quoted  writer,  for  tbe  point  therein  raised 
as  to  the  relative  powers  and  uses  of  the  uterine  and  auxiliary 
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forces  of  parturition  ie  one  that  has  been  mnoh  discussed  and  for 
a  long  time.  Tbe  great  Haller,  indeed,  held  opinions  which  are 
in  accordance  with  Hanghton's  view.  This  renowned  physiologist 
discarded  the  opinion  common  in  his  day,  and  now  almost  noi- 
versally  entertained,  that  the  utenis  is  the  main  source  of  the  power 
exerted  in  every  stage  of  parturition. 

Hangbton  gives  us  no  reason  for  discrediting  the  general  opinion 
of  obstetricians,  relying  apparently  on  his  conclusions  alone  re- 
garding the  comparative  power  of  the  two  forces,  that  of  the  uterine 
muscle  and  that  of  the  assistant  voluntary  muscles.  No  doubt  he 
'  makes  some  observations  intended  to  be  corroborative  as  to  the 
economy  of  force  and  other  so-called  laws  of  nature ;  but  such 
reflections  cannot  be  regarded  otherwise  than  as  premature  by 
those  who,  like  myself,  do  Dot  adopt  this  writer's  conclusions  npon 
whose  verity  their  justice  depends. 

In  the  course  of  his  concise  view  of  tliis  question  in  his  work  on 
Physiology,  Haller  twice  takes  care  to  express  bis  doubts  as  to  the 
truth  of  his  own  opinions ;  and  he  ends  by  appealing  to  anatomists 
for  light  upon  tbe  subject.  This  appeal  is,  at  least,  ingenuous,  for 
his  argument  against  the  ordinary  opinion  rests  greatly  upon  tbe 
uterine  fibres,  their  direction,  and  the  direction  of  the  force  evolved 
by  them;  and,  as  Haller's  notions  on  this  anatomical  point  were 
very  imperfect,  and  his  mechanical  ideas  equally  so,  we  ueed  attach 
no  weight  to  this  part  of  his  argument.  Besides  this,  however,  he 
has  really  notbing  deserving  the  name  of  good  evidence  on  his 
side.  He  thinks  tbe  effects  produced  by  expulsive  pains  greater 
than  tbe  power  of  tbe  uterus ;  but  this  is  evidently  mere  begging 
tbe  question.  So  also  is  bu  dependence,  for  aid  in  bis  judgment, 
on  a  picture  of  tbe  great  struggles  of  tbe  voluntary  muscles. 

Authors  generally  do,  as  I  have  said,  entertain  an  opiuiou 
opposed  to  that  of  Haller  and  Hangbton.  They  are  too  numerous 
to  name,  and  no  one  merits  special  mention;  for,  so  far  as  I  know, 
no  one  has  distiuguisbed  himself  by  the  novelty  or  elaborateness 
of  bis  arguments  in  support  of  the  ordinary  view  that  tbe  uterus  is 
the  chief  ^ent  iu  the  whole  process  of  parturition,  and  that  the 
voluntary  muscles,  whether  stimulated  by  volition  or  by  reflex 
excitement,  are,  in  a  secondary  position,  aiding  the  uterus  indeed, 
but  not  supplying  the  chief  force.    Tbere  is  no  positive  value  in  an 
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argument  of  appeal  to  ttuthority,  yet  it  ia  evident  tb&t  the  amount 
of  authority  against  him  made  Bailer  hesitate  to  eBanciate  hie 
ovn  views ;  and,  when  we  consider  the  nnmbei,  the  intelligence, 
and  the  acute  attention  of  the  obBtetricians  who  form  a  majority, 
scarcely  differing  from  the  whole  body,  in  favour  of  odt  view, 
we  cannot  but  be  weightily  impreaeed  in  ite  favour. 

I  must  admit  that  some  of  the  arguments  made  by  obstetric 
authors  to  do  regular  service  in  defence  of  their  view  are  very 
weak  or  quite  vain.  I  may  cite  examples.  Casea  of  partnrition 
completed  when  the  uterus  is  prolapsed,  and  is  said  to  derive  no 
assistance  from  bearing  down  efforts,  are  cited.  But  such  cases 
prove  almost  nothing,  even  supposing  they  are  correctly  described ; 
for  there  is  iu  such  oases  absence  of  the  ordinary  difBcuUies  of 
labour  which  consiBt  in  the  propulsion  of  the  child  through  the 
pelvis.  Cases  »f  expulsion  of  the  child  after  death  of  the  mother 
are  quoted.  Sut  so  far  as  I  have  perused  them,  they  are  givea 
with  a  deficiency  of  circumstantial  data  such  as  to  invalidate  them 
altogether.  Indeed,  it  is,  in  some  of  them,  not  even  shown  that 
the  uterus  acted  at  all ;  while  in  all  there  is  the  assumption  that 
the  difBcultyof  liirth  after  death  ie  as  great  ae  before  it.  The  like 
objections  may  be  made  to  examples  of  labour  in  asphyxia,  narco- 
tism, and  syncope.  It  lias  been  asserted  also  that  narcotism  by 
chloroform  affords  evidence  that  the  uterus  is  the  chief  agent  in 
parturition.  But  I  must  assert  the  incorrectness  of  this  argument, 
aud  I  cannot  understand  why  Haughtoo  should  call  attention  to 
the  influence  of  this  agent,  for  any  argument  from  it  is  valid,  so 
far  as  it  goes,  only  against  his  own  views.  I  have,  in  a  large 
experience,  never  seen  chloroform  inhalation  destroy  the  action  of 
the  voluntary  muscles.  I  believe  it  generally  weakens  their  action, 
and  it  is  well  known  that,  at  the  worst,  it  only  weakens  the  powers 
of  labour.  It  is  not  known  whether  it  weakens  the  uterine  action  or 
the  action  of  the  voluntary  muscles  in  the  greatest  degree.  If  it 
does,  as  is  alleged,  when  given  profusely,  destroy  the  action  of  the 
voluntary  muscles,  it  certainty  seldom  completely  arrests  the  prv- 
g^ess  of  labour.  Lastly,  cases  of  labour  in  paraplegic  women  are 
cited  in  favour  of  the  ordinary  opinion.  But  I  fear  they  do  not 
even  appear  to  favour  it ;  and,  with  a  view  to  the  present  question, 
they  cannot  be  held  as  settling  anything,  seeing  we  do  not  know 
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what  influeDGB  paraplegia  may  exert  on  the  nteruB  iteelf.     Beeides, 
the  caees  are  ineuffioieiit  in  every  way. 

The  ailments  on  which  I  place  chief  reliance  are  the  follow- 
ing:— 

1.  The  great  power  of  the  uterus  felt  by  the  hand  of  the 
accoucheur,  ae  in  the  operation  of  turning,  long  after  the  rupture 
of  the  membranes. 

2.  The  great  and  sufficient  power  of  the  utema  observed  in  cases 
where  the  action  of  the  voluntary  muscles  is  weak  or  restrained. 

3.  The  regulating  iufluence  of  purely  uterine  pains  in  the  pro- 
gress of  the  second  stage  of  labour. 

4.  The  supremely  important  demand  for  and  presence  of  power- 
ful uterine  action  after  the  expulsion  of  the  child. 

5.  The  arrest  of  the  progress  of  labour  by  inertia  of  the  uterui<. 
This  argument  appears  to  me  uuauswerable,  for  the  condition  often 
occurs  when  there  is  certainly  only  the  slightest  possible  resistance' 
to  the  progress  of  the  child,  when  the  mother  ardently  desires  tlie 
completion  of  labour,  and  hears  down  violently  with  this  object  in 

6.  In  cases  of  uterine  inertia,  such  aa  are  above  described,  the 
practitioner  may  find,  by  pulling  with  the  forceps  from  below  or 
pushing  with  the  bands  from  above,  in  the  absence  of  all  partu- 
rient effort,  whether  of  the  uterus  or  of  the  voluntary  muscles, 
that  a  very  small  force,  say  not  exceeding  the  weight  of  the  child, 
is  sufficient  to  finish  a  labour  upon  whose  progress  violent  hearing 
down  efforts  have  had  no  effect. 

7.  The  circumstance  that,  were  the  voluntary  muscles  the  chief 
agents,  expulsion  of  the  child  would  be  in  great  part  a  voluntary 
act,  which  it  certainly  is  not. 

8.  The  asserted  completeness  of  the  function  of  parturition  in 
animals  in  which  the  assistant  bearing  down  efforts  are  annihi- 
lated by  opening  the  abdomen ;  the  process  being  effected  by  their 
uterine  and  v^nal  muscles,  which  are  weak  when  compared  with 
that  of  women. 

Baudelocque  and  Velpeau*  relate  coses  which  appear  to  show 

that  woman  has  very  rarely  voluntary  power  over  the  progress  of 

parturition  for  a  time     Such  caees  offer  no  difficulty  when  regarded 

*  Traits  complet  de  I'att  des  Accoacb.     Ed.  Bruiellea,  p.  227. 
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with  a  view  to  the  present  qneetioQ.  Tbey  are  explicable  id  more 
w&ye  than  one,  and  an  illuetrative  statement  is,  for  my  present  pur- 
poae,  quite  sufficieot.  Every  experienced  accoucheur  has  seen 
cases  irhere  voluntary  increase  of  bearing  down  has  sufficed  to 
expedite  labours,  which,  if  tbe  women  had  been  left  in  a  sleepy, 
lethargic  condition,  might  have  been  protracted  for  an  indefinite 
length  of  time'. 

There  can  be  no  doubt  that  the  uterus  is  a  very  powerful 
agent  iu  expelling  the  foatus  from  its  cavity  into  the  world — 
that  it  is  not  the  sole  agent,  and  that  it  is  assisted  by  tbe  action 
of  the  voluntary  muscles.  Though  I  have  not  proved  absolutely 
that  tbe  nterus  is  the  chief  agent  in  tbe  performance  of  this  func- 
tion, yet  I  have  no  doubt  that  it  is  so;  and  I  think  that  the 
arguments  I  have  adduced  give  this  belief  of  tbe  profession  the 
highest  degree  of  probability.  This  belief  does  not  imply  that 
the  aid  afforded  by  the  voluntary  muscles  is  inconsiderable  or 
unimportant.  It  only  renders  it  quite  incredible  tbat  while  the 
power  of  the  uterus  is  54  lbs,  that  of  the  volautary  muscles  can 
be  623. 

III.  Haugbton's  conclusion,  on  which  I  wish  last  of  all  to 
comment,  is,  "  that,  on  an  emergency,  somewhat  more  than  a 
quarter  of  a  ton  pressure  can  be  brought  to  bear  upon  a  refrac- 
tory child  that  refuses  to  come  into  tbe  world  in  tbe  usual  manner." 

In  my  work  entitled  "  Besearcbes  in  Obstetrics,"  to  which  Pro- 
fessor Haugbton  refers,  I  have  discussed  carefully,  but  briefly, 
this  point,  and  announce  the  conclusion  that  tbe  comparatively 
small  figure  of  80  lbs.  gives  tbe  highest  power  of  labour;  and  I 
quote  Joulin,  who  estimates  it  at  somewhat  above  100  lbs.  I  do 
not  deny  that  in  exceptional  circumstances  a  few  pounds  above  80 
may  be  reached,  but  I  feel  pretty  sure  tbat  seldom  in  tbe  history 
of  woman  has  the  figure  80  been  attained,  whether  on  an  emer- 
gency or  not.  This  conclusion  is  arrived  at  by  experiment  and 
observation— experiments  on  the  force  required  t^  pull  a  child 
through  a  contracted  brim  of  pelvis,  obserTations  of  the  force  used 
to  complete  a  difficult  labour,  which  nature,  in  its  most  violent 
tliroex,  has  failed  to  accomplish. 

Every  accoucheur  will,  I  suppose,  readily  admit  tbat,  in  a  case 
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of  delivery  by  podalic  extraction,  the  snrgeoD  can  exert  a  great 
deal  mare  force  to  bring  the  child  into  the  world  than  the  most 
energetic  labour  can.  Now,  in  these  clrcnmBtanceB  the  surgeon 
can  use  no  force  nearly  reaching  to  a  quarter  of  a  ton.  A  very 
much  smaller  power  would  rend  the  IncklesB  body  of  the  child  in 
pieces. 

Such  a  power  as  a  quarter  of  a  ton  does,  in  my  opinion,  represent 
a  force  to  which  the  maternal  machinery  could  not  be  subjected 
without  instantaneoUB  and  utter  destruction.  To  speak  of  a  rigid 
perineum  resisting  such  a  power,  or  the  fourth  part  of  it,  would 
be  ridiculous.  The  posseBeion  and  use  even  of  a  considerable  portion 
of  suoh  a  power  would  render  the  forceps  and  the  cephalotribe 
weak  and  useless  instruments.  The  mother  could  bray  the  child 
as  in  a  mortar,  and  sqneeze  it  through  a  pelvis  which  would,  under 
other  circumstances,  necessitate  Cesarean  section.  Such  a  power 
would,  if  appropriately  applied,  not  only  expel  the  child,  but  also 
lift  up  the  mother,  the  accoucheur,  and  the  monthly  nurse  all 
at  once.  It  would  be  dangerous  not  only  to  the  mother  and  the 
child;  it  would  imperil  also  the  accoucheur.  It  has  been  cal- 
culated for  me,  that  if  thia  force  were  applied  just  as  the  chief 
resistance  to  delivery  was  overcome,  the  child  would  be  ehot  out  of 
the  vagina  at  the  rate  of  thirty-six  feet  jjer  second  1*  The  blow 
would  be  equal  to  the  shock  produced  by  the  fall  of  the  child  from 
a  height  of  twenty-one  feet. 

In  an  early  part  of  this  paper  I  have  eaid  that  the  method  of 
inquiring  into  the  subject  which  Heughton  adopts  is  both  difficult 
and  dangerous,  and  I  think  I  have  said  enough  to  show  that 
danger  has  not  been  avoided.  There  must  be  error  in  Professor 
Haughton'e  calculation  of  the  power  produced  by  the  action  of 
the  voluntary  muscles,  or  there  must  be  error  in  judging  of  the 
application  of  this  power  to  the  accomplishment  of  the  function, 
or  there  must  be  error  in  both.  I  shall  not  attempt  to  show  where 
the  error  lies,  but  its  occurrence  does  not  astonish  me;  for  any  one 

*  In  makinf;  tbia  calculation  the  child  is  taken  as  T  Ibe.,  tlis  pressure  aa 
580  Iba.,  and  it  is  auppoeed  to  be  exerted  throuEih  a  space  of  three  inches — 
neasurementa  which  are  fair  statements  of  the  case.  It  is  farther  supposed 
that  the  friction  is  negligible  when  compared  with  the  forward  pressure. 
This  is  certainl;  Ihe  case  if  the  fi^rward  pressure  be  nenrlj  as  murli  as  is 
stated  by  FrofeitsoT  Haughtori  as  possible. 
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wbo  has  studied  the  difficult  snbject  of  the  retentive  power  of  the 
abdomea  will  recogniae  the  difficulty  of  teaching  conclusiona  as  to 
the  power  of  laboui  by  Haughton's  method.  It  is  highly  probable 
that  the  power  of  the  voluntary  muscle  is  dissipated,  perhaps  iu 
compretsing  iateatinal  gases,  perhaps  in  consequence  of  being  mis- 
directed. 

Whatever  may  be  the  real  source  of  error  as  to  this  matter,  it 
is  highly  desirable  to  find  it  out,  in  order  that  we  may,  by  more 
accurate  proceediugs,  arrive  at  the  true  results  which  Haughton 
hoped  to  reach. 

The  following  Gentlemen  were  admitted  Fellows  of  the 
Society : — 

RsT.  William  Scott  Mokohisff,  of  Foasaway,  U.A.  (Camb.) 

ProresBor  A.  B.  Simpson. 

Dr  R.  J.  Blaib  Odnynohaue. 

Dr  CoBuo  OoBDON  LooiE,  SnrgeoD-Hajor,  BajaX  Horse  Guards. 


Monday,  20/A  February  1871. 
W.  F.  SKENE,  LL.D.,  Vice-President,  in  the  Chair. 
The  following  Communications  were  read  : — 

1,  On  the  PentatoQic  and  other  Scales  employed  in  Scottisli 
Music.  By  the  Hon,  Lord  Neaves, 
Lord  Neaves  adverted  to  the  peculiarity  which  had  been  observed 
in  many  Scotch  airs,  that  they  are  composed  on  a  pentatouic  scale, 
aod  do  Dot  make  use  of  the  fourth  or  seventh  of  the  gamut  It 
has  beeu  said  that  these  airs  can  be  played  on  the  black  notes  of 
the  pianoforte,  which  means  that  they  can  be  played  on  the  key  of 
F|  major,  of  which  the  fourth  and  seventh  are  represented  by  white 
notes,  hut  aie  not  needed.  He  also  observed  that  this  class  of  airs 
could  he  played  on  the  white  notes  of  the  piano,  both  in  the  key  of 
F  and  in  that  of  G-.  They  could  be  played  on  F,  because,  as  they 
do  not  use  the  fourth,  they  do  not  need  Bi* ;  and  they  conld  be 
played  on  G,  because,  as  they  do  not  use  the  seventh,  they  do  not 
need  F|.    They  could  also,  of  course,  be  played  on  the  key  of  C. 
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Many  miDor  aira  can  be  played  on  the  pentatonic  scale  of  tLe 
relative  major;  that  is,  aire  on  D|  minor  can  be  played  on  the 
black  notes,  and  airs  in  A  minor  can  be  played  on  the  white  notes 
on  the  pentatonic  of  C  ;  airs  in  D  minor  on  the  pentatonic  of  F; 
and  airs  in  E  minor  on  the  pentatonic  of  G. 

Specimens  of  major  pentatonic  aire  are  theSe — "  Boy's  Wife,' 
"  Auld  Lnngsyne,"  "  Ye  Banks  and  Braes,"  '  The  Gypsies  came,' 
"  Whistle  o'er  the  lave  o't." 

Specimens  of  minor  pentatonic  airs — "  The  Uncking  a'  Qeordie's 
byre,"  "My  tocher's  the  jewel,"  "Auld  Robin  Gray"  (old  set), 
"  Wandering  Willie,"  "  Ca'  the  yowes  to  the  knoves." 

Some  minor  airs  are  composed  on  the  pentatonic  of  the  tone 
belov. 

Specimens— "Adieu,  Dundee"  (in  Skene  MS.),  "Blytbe,  BIythe." 

In  several  old  pentatonic  airs  grace  notes  or  transitional  notes 
bave  been  added  in  modern  singing  or  playing,  but  the  original 
pentatonic  character  can  still  be  traced. 

Another  large  class  of  Scotch  sire  are  composed  on  the  full 
diatonic  scale,  and  can  be  played  entirely  on  the  whiU  notes  with- 
out any  apparent  modulation. 

When  these  airs  are  on  the  key  of  0  major,  there  is  nothing 
very  peculiar  in  them,  and  there  are  many  of  this  class.  But 
when  they  are  composed  on  other  keys,  certain  peculiarities 
appear. 

Several  Scotch  airs  are  composed  in  the  key  of  G,  but  played  on 
the  full  diatonic  scale  of  C,  so  as  frequently  to  introduce  F  natural, 
sometimes  with  a  pathetic,  sometimes  with  a  comic  effect.  The 
old  set  of  the  "  Flowers  of  the  Forest "  (Skene  MS.)  is  an  example 
of  the  one,  and  the  tune  of  "  Pease  Strae  "  of  the  other. 

Other  specimens  are — "  Bessie  Bell,"  "  Tnllochgonim,"  "  Loch- 
aber  no  more." 

Minors  in  the  diatonic  scale  ore  often  singular,  as,  for  instance.  - 
the  air  of  "My  boy,  Tammie,"  played  on  the  white  notes.    It 
runs  into  three  keys — D  minor,  C  major,  and  F  major. 

The  pentatonic  scale  is  not  peculiar  to  Scotch  music,  but  it  may 
partly  be  accounted  for  by  the  fact  that  mde  wind  instruments  are 
apt  to  be  defective  in  the  fourth  and  tifth.  The  simple  diatonic; 
scnle,  without  other  semitones,  may  in  like  maimer  have  lieen  used 
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from  the  adoption  of  early  liarps  or  other  etrtnged  inetnimentB  of 
a  limited  ooDstruction. 

Scotch  aifB  were  often  imitated  by  introducing  a  particular 
accentuation,  called  the  Scottish  "snap,*'  as  in  the  Vanxhall  air, 
"  'Twas  within  a  mile  of  Edinburgh  Town." 

He  expressed  an  opinion  that  many  airs  were  common  to  Scot- 
land and  the  North  of  England,  and  Le  denied  that  Scotch  aira 
were  always  sombre,  as  had  sometimes  been  alleged. 

Airs  illustrating  the  views  above  stated  were  played  by  Mr 
Bridgman  in  a  manner  of  which  it  may  be  allowable  to  say  that  it 
gave  great  Batiefaction  to  the  audience. 

2.  On  the  Motion  of  Free  Solids  through  a  Liquid. 
By  Sir  William  Thomson. 

This  paper  commences  with  the  following  extract  from  the 
author's  private  journal,  of  date  January  6,  1858 : — 

"  Let  M,  "U,  Z,  Sf,  ffl,  9-  he  rectangular  components  of  an  impul- 
"  sive  force  and  an  impulsive  couple  applied  to  a  solid  of  invariable 
"  shape,  with  or  without  inertia  of  its  own,  in  a  perfect  liquid, 
"  and  let  u,  v,  w,  <r,  p,  <r,  be  the  cotuponenta  of  linear  and  angular 
"  velocity  generated.  Then,  if  the  vis  viva*  (twice  the  mechanical 
"  value)  of  the  whole  motion  be,  as  it  cannot  but  be,  given  by  the 
"  expression 

"  Q=[«,tt]u'+[f,t'>'+....  +  2[«,«]w*  +  2[«-,w]«;«  +  2[,r,«>u  +  .... 
"  where=[M,u],[tJ,v],  Ac., denote  21  constant  co-efScientsdetermin- 
"  able  by  transcen dental  analysis  from  the  form  of  the  surface  of 
"  the  solid,  probably  involving  only  elliptic  transcend  en  tab  when 
"  the  surface  is  ellipsoidal :  involving,  of  course,  the  moments  of 
"  inertia  of  the  solid  itself:  we  must  have 

K«]«  +  K«>  +  [t^,  «]«,  +  [.,  w],+  [p,«]p  +  [a,w]o-  =  at,&C. 

[«.-]«  +  [.;, ->  +  [«;,,>  +  [-,-]-+[p,-]p+[<r,-]<.=a„  Ac. 
"  if  now  a  continuous    force    X,Y,Z,  and  a  continuous  couple 
"  L,M,N,  referred  to  axes  fixed  in  the  body,  is  applied,  and  if 

"  $ &c.,  denote  t)ie  impulsive  force  and  couple  capable 

"  of  generating  from  rest  the  motion  u,  v,  w,  v,  p,  tr,  which  exists 
■  Ueuceforlh  T,  instead  of  |  Q,  is  naed  to  denote  the  "  mecbanicsl  valD«." 
or,  as  it  i»  non  cftlled.  the  "  kinetic  euerj^y  "  of  the  motion. 
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"  iu  reality  at  any  time  t ;  or  merely  matbemittically,  if  M,  Ac, 
"  denote  for  brevity  the  preceding  linear  fauctions  of  the  com- 
"  ponentB  of  motion,  the  equations  of  motion  are  aa  follov: — 


^  -  *«  +  ¥u  -  Ip  +  Jit-  =  N 


''  Three  firat  integrals,  wheu 

X  =  0,  T  =  0,  Z  =  0,  L  =  0,  M  =  0,  N  =  0, 
"  must  of  course  be,  and  obviously  are, 

(2)  -E' +¥^  +  2'  =  const. 
"  resultant  momentum  constant ; 

(3)  IX  +  itt¥  +  fiaS  =  const. 

"  resultant  of  moment  of  momentum  constant ;  and 

(4)  u3E  +  v¥  +  wZ  +  -I  +  p^  +  <r^  =  Q  .» 

These  equations  were  communicated  in  a  letter  to  Professor 

Stokes,  of  date  (probably  January)  1858,  and  tbey  were  referred 
to  by  Profeesor  Rankine,  in  his  first  paper  on  Stream  Lines,  com- 
municated to  the  Boyal  Society  of  London,*  July  1863. 

They  are  now  communicated  to  the  Boyal  Society  of  Edinburgh, 
and  tbe  following  proof  is  added : — 

Let  F  be  any  point  fixed  relatively  to  the  body,  and  at  time  t, 
let  ite  co-ordinates  relatively  to  axes  0X,OY,0Z  fixed  in  space,  be 

*  These  equations  will  be  Tsrj  conveDientlj  called  tlie  Ealerinu  sqaationa 
of  the  motion.  They  correspond  pceciBelj'  to  Ealer'e  equatiauB  for  tLa 
rotation  of  a  rigid  bod;,  and  include  them  as  a  particnlar  case.  As  Euler 
Beems  to  have  been  tbe  first  to  give  equations  of  motion  in  terma  of  co- 
ordinate components  of  velocity  and  force  referred  to  lines  fixed  relatiiely 
to  the  moving  body,  it  will  be  not  only  convenient,  but  just,  to  designate 
aa  "  Enlerian  equations"  any  equations  of  motion  in  which  the  linae  of  re- 
fersDce,  whether  for  position,  or  velocity,  or  moment  of  momeatum,  or  force, 
oi  couple,  move  with  the  body,  or  the  bodies  whose  motion  is  the  subject. 
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c,  y,  t.  Let  PA,  Ffi,  PC  be  three  rectanguloi  axee  fixed  relativelj 
to  the  body,  and  (A,X),  (A,Y),  .  .  .  the  cosioee  of  the  nine 
inclinatioDS  of  these  axes  to  the  £xed  axee  OX,  OT,  OZ. 

Let  the  compODeuU  of  the  "impulae"*  or  geDeralized  momeD- 
tam,  parallel  to  the  fixed  axes  be  £,  i},  {,  and  ite  rooroeDta  roand 
the  same  axes  X,  ^  ►,  bo  that  if  X,  T,  Z  be  componeots  of  forc« 
acting  on  the  solid,  in  line  through  P,  and  L,  TS.,  N  components  of 
conple,  we  have 


dt 


Y,   ^=Z 


=  L  +  Zy-Y*,  J  =  M  +  X«-Zx,  J  =  N4Y*-Xy  I 


Let  3£,  9f  ^  '^^  ^1  ^>  ^  ^^  '^^  components  and  moments 
of  the  impulse  relatively  to  the  axes  PA,  PB,  PC  moving  with 
the  body.    We  have 

6  =  I(A,  X)  +  S (B. X)  +  Z(C, X)  V 

X  =  a(A,X)  +  Jlt(B,X)  +  ^(C,X)  +  Zy-¥»    [      ^''' 

::::::::::::::::::  J 

Now  let  the  fixed  axes  OX,  OY,  OZ  be  chosen  coincident  witli 
the  position  at  time  t  of  the  moving  axes,  FA,  PB,  PC,  ve  shall 
consequently  have 

x  =  0,  y  =  0,  z  =  0,  \ 

dr  _       dy  ^       di^  \  (8)- 

dt       "'dt    ■  "'(/(       *"'  / 

{A,  X)  =  (B,  Y)  =  (C,  Z)  =  1  > 

(A,  Y)  =  (A,Z)  =  (B,  X)  -  (B,  Zj  =  {C,  X)  -  (C,  Y)  =0 

^^-  ^'=-'.  '-^■'  U- 

d{k,  Z)      _  rf(B,Z)  _  «f(C,  Y)  _  _  _ 

dt      '      '''  dt  ''  dt  'J 

U«ng  (7),  (8),  and  (9)  in  (6)  we  find  (1). 

■  See"  Vortex Hutiun,"  }6,  Trittii,  Rci]'.  Sue.  EdiP.  (1868). 
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One  chief  object  of  this  investigatioD  wu  to  illostiate  dynamical 
effects  of  helicoidal  property  (that  is  right  or  left-handed  asymmetry). 
The  case  of  complete  isotropy,  with  heli^oidal  quality,  is  that  in 
which  the  coefficients  in  the  quadratic  expression  for  T  fulfil  the 
following  conditions. 

[u,  u]    °  [v,  If]  =3  [u>,  u>]      (le<^  fn  be  their  common  value)  \ 

[-■-]   =  [ftp]  =  [cr,<r]  ,.    n  „ 

[«■-]-[",?]■=  K"^]       ..  ft       ..        ..         »     (10). 

K «']-[«',«]-[«,«]  -0;  [p,^]=[^.-]  =  Kp]-0 
and[«,p]-[«,^]=K<r]-[v,w]  =  [«.,,]-  [«.,p]=0  J 
HO  that  the  formula  for  T  is 

T-J{m(u'  +  t^+wO  +  n(^  +  p'  +  tr'}  +  2A(«--H>p+tw)}      .    (U). 
For  this  case  therefore  the  Kulerian  equations  (1)  become 

dt 


-  m(vtT—wp)  =  'K,  &c. 


.„d  •yjJLt^)  .  L,  4c. 


(11). 


[Memorandum ;— Lines  of  tefeience  6xed  relatively  to  the 
body],  ) 

But  inasmuch  as  (11)  remains  unchanged  when  the  lines  of 
reference  are  altered  to  any  other  three  liues  at  right  angles  to 
one  another  through  P,  it  is  easily  shown  directly  from  (6)  and 
(9),  that ;  if,  altering  the  notation,  vre  take  u,  v,  iv  to  denote  the 
components  of  the  velocity  of  P  parallel  to  three  fixed  rectangular 
lines,  and  b,  p,  ir  the  components  of  the  body's  angular  velocity 
round  these  lines,  we  have 


dt  ' 


•nd  <'("'*'"')  -l(m-pio)  -  h,  lo. 


K")- 


[Memorandum: — Lines  of  reference  fixed  in  space],  ) 

which  are  more  convenient  than  the  Eulerian  equations. 

The  integration  of  these  equations,  when  neither  force  nor 
couple  acts  on  the  body  (X  -  0,  &o. ;  L  =  0,  &0.),  presents  no 
diflSculty,  but  its  result  is  teadily  seen  from  §  21  ("Vortex 
Motion")  to  be  that,  when  the  impulse  is  both  translatory  and 
rotational,  the  point  P,  round  which  the  body  is  isotropic,  moves 
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uniformly  in  a  circle  or  spiral  bo  m  to  keep  at  a  conetaot  dtetance 
from  the  "axis  of  the  impulse,"  and  that  the  compooents  of 
angular  velocity  lound  the  three  fixed  rectangular  axes  are  con- 
Btaot. 

An  isotropic  heli^oid  may  be  made  by  attaching  projecting 
vanes  to  the  surface  of  a  globe,  in  proper  positions;  for  instance, 
cutting  at  45'  each  at  the  middles  of  the  tweWe  quadrants  of 
any  three  great  circlee,  dividing  the  globe  into  eight  quadrantal 
triangles.  By  making  the  globe  and  the  vanea  of  light  paper,  a 
body  is  obtained  rigid  enough  and  light  enough  to  illustrate  by 
its  motions  through  air  the  motions  of  an  iaotropio  heli^id 
through  an  incompressible  liquid.  But  curious  phenomena,  not 
deducible  from  the  present  investigation,  nill  no  doubt,  on  account 
of  viscosity,  be  observed. 

Past  II. 
Still  considering  only  one  movable  rigid  body,  infinitely  remote 
from  disturbance  of  other  Hgid  bodies,  fixed  or  movable ;  let  there 
be  an  aperture  or  apertures  through  it,  and  let  there  be  irrotational 
circulation  or  circulations  (§  60  "  Vortes  Notion  ")  through  them. 
I^t  £>  v>  ti  ^^  ^^^  components  of  the  "  impulse  "  at  time  t,  parallel 
to  three  fixed  axes,  and  K,  fi.,  v  its  moments  round  these  axes, 
as  above,  with  all  notation  the  same,  we  still  have  (  26  "  Vortex 
Motion  ") 

-^=X.<tc.  1 

<•*  )  ■  ■   ■  (6)  (repeated). 

dk  ' 

di' 

But,  instead  of  for  T  a  quadratic  function  of  the  components  of 
velocity  as  before,  wo  now  have 

T  =  E  +  i{[«,  «]«'  +  ...+  2[u,  v-]m+  ...}..  .  (13). 
where  B  is  the  kinetic  energy  of  the  fluid  motion  when  the  solid 
is  at  rest,  and  ^{[tt,  »]"'  +  .  .  .}  ia  the  same  quadratic  as  before. 
The  coefficients  [u,  «],  [u,  v],  Sec,  are  determinable  by  a  transcen- 
dental analysis,  of  which  the  character  is  not  at  all  influenced  by 
the   circumstance  of  there  being  apertures  in  the  solid.     And 

instead  of  f  =  -^  ,  &a,,  as  above,  we  now  have 
du 
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■  (14), 


vlieie  I  denotes  the  lesnltant  "  impulse "  of  the  cyclic  inotum 
when  the  solid  is  at  rest;  I,  m,  n  its  direction  cuainea;  G-  its 
"  rotational  moment,"  {§  6,  "  Vortex  Motion");  and  x,  y.  z  the  co- 
ordinates of  any  point  in  ite  "  resultant  asiB."  These  (14)  with 
(13)  used  in  (6)  give  the  equations  of  the  solid's  motion,  referred 
to  fixed  rectangular  axes.  They  have  the  incoovenience  of  the 
coefficients  ||u,  u],  [u,  v],  &c.,  being  functions  of  the  angular  co- 
ordinates of  the  solid.  The  £uleriau  equations  (free  from  this 
inconvenience)  are  readUy  found  on  precisely  the  same  plan  as 
that  adopted  above  for  the  old  case  of  no  cyclic  motion  in  the 
Suid. 

The  formulsB  for  the  case  in  which  the  ring  is  circular,  has  no 
rotation  round  its  axis,  and  is  oot  acted  on  by  applied  forces,  though 
of  course  easily  deduced  from  the  general  equations  (14),  13),  (6), 
are  more  readily  got  by  direct  application  of  first  principles.  Let 
P  be  such  a  point  in  the  axis  of  the  ring,  and  fE,  A,  B,  such  con- 
stants that  i{ffiu'  +  Au*  +  Bv")  is  the  kinetic  energy  due  to 
rotational  velocity  w  round  D,  any  diameter  through  P,  and  trans- 
lational  velocities  u  along  the  axis  and  v  perpendicular  to  it. 
The  impulse  of  this  motion,  together  with  the  supposed  cyclic 
motion,  is  therefore  compounded  of 

I  -I-  I  along  the  axis 
'  periiendicular  to  .,  „  , 
and  moment  of  momentum  fitw  round  the  diameter  D. 

Hence  if  OX  be  the  axis  of  resultant  momentum ;  (x,  y)  the 
co-ordinates  of  F  relatively  to  fixed  axes  OS,  OT;  9  the  inclina- 
tion of  the  axis  of  the  ring  to  0 ;  and  ^  the  constant  value  of  the 
resultant  momentum  :  we  have 


fco.«.A«  +  I;  -{.iii«  =  Bi>, 

I 

ft-  <!-; 

id 

as.) 

i  =  t»cos  tf-uBin  *;  i;  =  Msm  tf+vcosff;  rf  =  <u  . 

VOL.  VII. 

'3. 

■           D„ 
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Hence,  for  6,  we  have  the  differeutial  eqiiation, 

which  ehowa  that  the  ring  oscillates  rotationalljr  according  to  tbe 
law  of  a  horizontal  magnetic  needle  carrying  a  bar  of  soft  iron 
rigidly  attached  to  it  parallel  to  its  magnetic  axis. 

When  $  is  and  remains  Infinitely  small,  ^,  y,  and  y  are  eacb 
infinitely  small,  x  remains  infinitely  nearly  constant,  and  the  ring 
experiences  an  oscillatory  motion  in  period 

compounded  of  translation  along  OY  and  rotation  round  the  di»- 
meter  D.  This  result  is  curiously  comparable  with  the  well-known 
gyroscopic  vibrations. 

3.  Laboratory  Notes.  By  Professor  Tait. 
I.  On  Thermo-electricity, 
Messrs  i.  Murray  and  J.  0.  Young  have  been  carrying  oal 
experimentally  the  idea  mentioned  in  my  former  note  on  this 
subject.  {Proc.  Dec.  1870.)  Their  first  sets  of  observations,  of 
the  results  of  which  I  subjoin  a  specimen,  were  made  with  v 
iron-silver  and  an  iron -platinum,  circuit  working  opposite  ways  on 
a  diS'erential  galvanometer.  The  resistances  (including  the  galn- 
nometer  coils)  were  in  this  particular  experiment  53'1  and  259 
B.A.  units  respectively,  so  that  but  very  slight  percentage  chsnges 
could  be  produced  in  them  by  the  elevation  of  temperature  of  the 
junctions.  As  one  of  a  number  of  closely  agreeing  preliminary 
trials  the  result  is  extrtmely  satisfactorj,  though  the  exact  adjust- 
ment has  not  yet  been  arrived  at.  To  show  the  parabolas  due  lo 
tlie  separate  circuits,  and  thus  exhibit  tie  advantage  of  the  method, 
1  have  requested  the  experimenters  to  break  the  circuits  alter- 
nately after  taking  each  reading  of  the  complex  arrangement,  and 
take  a  rough  reading.  The  last  four  columns  of  the  table  give 
the  results;  but,  as  the  temperatures  were  probably  slightly  difi'erent 
from  those  in  the  first  colutnns,  no  very  direct  comparison  can  be 
instituted.  A  glance  at  the  4th,  6lh,  and  8th  columns,  however, 
shows  how  nearly  a  linear  relation  between  temperature -difference 
of  juncti'ins  and  galvanometer  deflection  has  been  arrived  at  in  the 
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I  find  great  difficult;  in  obtaioing  wires  of  tbe  more  infueilile 
loetalBi — and  I  am  therefore  eodeaTouring  to  make  a  complex 
arraDgement  for  very  high  temperatureB  with  [lalladium  and  two 
very  different  kinds  of  platinum.  Wires  of  nickel,  cobalt,  molyb- 
denum, rhodium,  or  iridium,  or  of  any  one  of  these,  woulil  be  of 
immense  use  to  me,  and  I  should  be  happy  to  beiir  from  any  one 
whether  there  is  a  poBSibility  of  procuring  them. 

2.  On  FhyllotajLis. 
I  was  recently  led  to  consider  this  subject  by  Professor  A. 
Dickson,  who  showed  me  some  of  his  beautifully -mounted  speci- 
mens, and  explained  to  me  the  method  he  employs  for  the  deter- 
mination of  the  divergence,  and  of  the  successive  leaves  of  the 
fundamental  spiral  or  spirals.  He  referred  me  to  two  terribly 
elaborate  papers  by  Bravais,*  and  I  have  since  met  with  another 
of  a  similar  character  by  Nsumann.f  Thece  papers  certainty 
cannot  be  supposed  to  present  the  subject  from  the  simplest  point 
of  view.  I  do  not  doubt  that  the  results  I  have  here  arrived  at  are 
to  be  found  in  some  form  or  other  in  their  pages,  which  are  an- 
nounced as  completely  elucidating  the  question ;  but  I  have  not 
sought  for  them,  my  sole  object  having  been  to  put  what  seem  to  me 
the  elements  of  tbe  matter  as  simply  and  iuteIHgibly  as  I  could. 

*  Annales  dea  Scieocea  Natnreliss,  1836, 

t  Poggendorff-fl  AnnaUn,  1842. 
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Let  A,  ( 


:,  represent  the  same  leaf  in  a  plane  development  of  a 
liranch  or  fir-cone 
( regarded  as  cylin  - 
drical) ;  0,  a  leaf 
which  can  be 
reached  from  A 
b;  m  steps  in 
a  right-handed 
spiral,  developed 
into  the  straight 
line  AO,  and  by  «  steps  from  a  in  a  left-handed  spiral  aO.  These 
spirals  may  in  general  be  chosen  so  that  m  and  n  are  not  large 
numbers  (3,  5,  8,  13,  &c.,  being  very  common  values) ;  but  tbej 
mtut  (and  can  always)  be  so  taken  that  m  spirals  parallel  to  oO, 
and  n  parallel  to  AO,  shall  separately  include  all  the  leaves  on  the 
stem  or  cone. 

If  m  and  n  have  a  common  factor  X,  there  will  be  A  -  1  leaves 
(besides  A)  which  are  situated  exactly  on  the  line  Aa,  and  there- 
fore the  arrangement  is  composite,  or  bos  X  distinct  fundamental 
spirals.  If  m'  and  n'  be  the  quotients  of  m  and  n  by  A,  they  are  to 
be  treated  as  m  and  n  are  treated  below ;  and  this  case  thus  merges 
into  the  simpler  one,  so  that  we  need  not  allude  to  it  again. 

It  is  obvious  that,  in  seeking  the  fundamental  spiral,  we  must 
choose  the  leaf  nearest  to  Aa  on  the  side  towards  0,  as  that  suc- 
ceeding A  or  a.  The  fundamental  spiral  wilt  thus  be  right-handed 
if  P,  which  is  nearer  to  A  than  to  a,  be  this  leaf — left-handed  if 
it  be  p.  Of  course,  we  may  have  a  left-handed  fundamental  spiral 
in  the  former  cose,  and  a  right-handed  one  in  the  latter ;  but  the 
divergence  in  either  will  be  greater  than  two  right  angles,  and  this 
the  majority  of  botanists  seem  to  avoid. 

Draw  PQ  and  fq  respectively  parallel  to  aO  and  AO,  then  the 
requisite  condition  is  that 


-AQ-PQ, 


-aq  -  pg, 


sliall  be  as  small  as  possible. 

Hence,  if  ^  be  the  last  convergpnt  to  - 
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obvious  that  to  get  at  P  we  must  count  fi  leaves  along  AQ,  and  v 
along  QP.     If,  however,  -  "r;  ~,  count  v  leaves  along  aq,  and  ^ 

along  3p.  P,  or  p,  thus  found  is  the  next  leaf  of  the  fundameDtal 
Bpiral  to  A  or  a  ;  the  nest  is  derived  from  it  by  a  eecond  applica- 
tion of  the  same  process,  and  bo  on. 

There  is  no  necesxity  for  restricting  the  development,  as  given 
above,  to  once  round  the  cone.  Suppose  we  go  several  times  round 
and  that  A,  a,  a,  &c.,  are  successive  positioDS  of  the  same  leaf.  The 
procesees  given  above  may  he  employed,  and  the  results  will  be  of 
the  same  nature.  But  this  extension  enables  us  to  obtain  (more 
and  more  approximately,  sometimes  accurately)  a  right  angle  aAo, 
where  o  is  a  leaf  reached  after  several  turns  of  the  fundamental 
spiral.  This  indicates  that  the  leaves  may  be  grouped  (approxi- 
mately or  accurately)  in  lines  parallel  to  the  axis  of  the  stem  or 
cone.  When  this  can  be  done  accurately,  it  is  easy  to  see  that 
(since  one  of  -,  -  ,  is  greater  and  the  other  less,  than  the  number 

of  leaves  in  one  turn  of  the  fundamental  spiral)  the  difference  of 
azimuth  of  two  successive  leaves  of  that  spiral  must  he  espreeeible 
in  the  form 


where  s  and  r  are  necessarily  very  small  positive  integers  in  all  the 
ordinary  cases  of  phyllotaxis,  since  they  are  tbe  numbers  of  leaves 
in  AK,  S,o,  reEpectively,  which  are  portions  of  the  spirals  on  which 
or  parallel  to  which,  m  and  n  were  measured. 
The  fraction 


has  been  called  the  divergence  of  tbd  fundamental  spiral.  Of  its 
constituents  the  numbers  m,  n,  r,  s  are  at  once  given  by  inspection 
of  any  cone  or  stem,  and  (from  m  and  n)  p.  and  f  are  easily 
calculated. 

To  extend  this  investigation  to  the  cases  in  which  the  divergence 
is  altered  by  torsion  of  the  cone,  it  ie  merely  necessary  to  notice 
that  such  a  process  alters  only  r  and  s.  It  produces,  in  fact,  a 
simple  shear  in  tbe  developed  figure. 
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Added,  March  20tk,  1871,  in  consequence  of  tome  remarkt  made  by 
Profeuor  Dickion  at  the  Meeting  of  that  date. 

It  is  obvioaa  tbat  if  the  same  leaf,  0,  be  reacbed  from  A  by  m 
steps  of  a  rigbt-banded,  and  n  of  a  left-banded,  epirat  (sucb  tbiit  n 
of  the  former  atid  m  of  the  latter  contaio,  eeveratly,  all  the  leaves  J, 
another  common  leaf  can  be  reached  by  m-n  steps  of  the  righl- 
banded  epiral,  and  n  steps  of  a  new  left-banded  one  (these  spirals 
poesessing  tbe  same  property  of  severalty  containing,  in  groups  of 
n  and  m-n  respectively,  oil  the  leaves).  Tbis  process  may  be 
carried  on,  wben  m  and  n  are  prime  to  one  another,  until  ne  have 
steps  represented  by  1  and  1,  in  ^rhicb  case  we  obviously  arrive  at 
the  leaf  of  tbe  fundamental  spiral  nest  to  A.  It  is  better,  bow- 
ever,  to  carry  the  process  only  tbe  length  of  steps  1  and  t,  where  ( 
is  determined  by  the  condition  that  1  and  t  +  1  would  give  spirals 
both  rigbt-banded  or  both  left-handed. 

Now,  in  the  majority  of  cases  of  fir-cones,  it  seems  tbat  we  have 
t,  found  in  this  way,  =  2,  i.e.,  there  are  lets  than  three  leaves  in  a 
single  turn  of  the  fundamental  spiral.  It  is  of  course  obvions  tbat 
there  can  never  be  lees  than  two,  and  tbe  case  of  exactly  tno 
corresponds  to  the  simplest  of  all  possible  arrangements,  tbat  in 
which  the  leaves  are  placed  alternately  on  opposite  sides  of  tbe 
stem.  Fir-cones,  therefore,  give  in  general  the  airangement  next 
to  this  in  order  of  simplicity.  Hence,  for  euch  cones,  and  for  all 
other  leaf  arrangements  which  are  based  on  the  same  elementary 
condition,  the  values  of  m  and  n  for  the  most  con^picuous  spirals 
must  be  of  the  forms 

2 ,     3  ,     5 ,     8  ,     &c., 
1,     2,     3,     5,     Ac. 

These  simple  conside  rat  ions  explain  completely  (he  so-called 
mysterious  appearance  of  terms  of  tbe  recurring  series  1,  2,  3,  5. 
8,  13,  &c.,  &c.  The  other  natural  series,  usually  but  mislendingly 
represented  by  convergents  to  an  infinitely  extended  continued 
fraction,  are  easily  explained  as  above  by  taking  t  =  S,  4,  jic^  &c. 
As  a  purely  mathematical  question  it  is  interesting  to  verify  tbe 
consistency  of  tbe  statements  just  made,  where  the  change  in  t  is 
introduced,  with  those  above  made  as  to  the  effects  of  torsion  in 
altering  r  and  i.  But  this  may  easily  be  supplied  by  any  reader 
who  possesses  u  small  knowledge  of  algebra. 
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Monday,  Gift  March  1871. 
Dr  CHRISTISON,  PreBident,  in  the  Chair. 
The  following  Coinmunicatione  were  read: — 

1.  Account  of  the  Extension  of  the  Seven-Place  Logar- 
ithmic Tables,  from  100,000  to  200,000.  By  Edward 
Sang,  Esq. 

Ahstrad. 
Id  this  paper  the  details  were  given  of  tbe  computations  made 

for  extending  the  Table  of  Seven-Flsce  Logarithms   to  200,000 

and  of  the  precautions  taken  to  ensure  accuracy  in  the  printed 

work. 
Tbe  calculatioDS  were  originally  intended  for  a  Nine-Place  Table 

to  One  Million ;  and  tbe  manuscript  ahowe  tbe  logarithms  to  fifteen 

places,  with  their  first  and  second  differences  for  al)  numbers  from 

100,000  to  200,000. 


2.  On  the  Place  and  Power  of  Accent  in   Language.     By 
Professor  Blackie. 

Professor  Blackie  then  read  a  paper  on  "  Tbe  Place  and  Power 
of  Accent  in  Language.''  On  the  subject  of  accent  and  quantity, 
he  remarked,  especially  in  relation  (o  the  learned  languages,  tbe 
greatest  confusion  had  prevailed,  and  tbe  existing  practice  was 
allogelher  unreasonable  and  anomalous.  lu  articulate  sound  four 
tilings  had  to  be  distinguished — volume  or  bulk,  force  or  empbasitt, 
elevation  and  depression,  and  prolongation  or  duration.  Englieb 
scholars  had  shown  an  unhappy  incapacity  of  not  being  able  to 
distinguish  between  stress  and  prolongation,  and  thus  had  been  le'l 
to  introduce  the  general  practice  of  pronouncing  Greek  with  Lalin 
accents.  In  laying  down  the  principles  by  which  syllabic  accentua- 
tion is  guided,  four  poiuts  are  to  be  attended  to — significance, 
euphony,  variety,  and  convenience.  Fashion,  of  course,  and  cus- 
tom have  wide  bway  in  this  domain;  but  in  Ihe  original  structure 
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of  language  we  have  to  look  to  significance  and  e«[)hoDy  rather 
than  arbitrary  usage,  as  the  main  causes  which  determined  the 
place  of  the  accent.  In  compound  words  it  was  natural  that  the 
qualifying  or  contrasting  element  should  be  emphasised,  as  in  the 
proper  Scotch  pronunciation  of  Balfour  (Coldtown),  where  the 
accent  lies  on  that  element  of  the  word  which  distinguishes  it  from 
other  Bals  or  towns.  As  to  euphony,  those  languages  are  least 
euphonious  wbicli,  like  English  and  Gaelic,  have  a  preference  for 
the  ante- pen  ultimate  accent,  while  those  are  most  euphonious 
which,  like  Latin,  Greek,  and  Italian,  abound  in  penultimate  or 
ultimate  accented  syllables.  In  respect  of  euphonjj  as  well  as 
variety,  the  G-reek  language  was  superior  to  the  Latin,  in  that  it 
allowed  the  accent  on  any  of  the  three  last  places,  while  Latin 
allowed  it  only  on  the  penult  and  ante-penult.  The  attempt  to 
make  out  a  special  and  exceptional  case  for  Greek  accents  were 
vain.  It  is  perfectly  clear  from  the  statements  of  the  ancient 
Greek  grammarians,  that  the  Greek  acute  accent  consisted  not 
only  in  the  raising  of  the  voice  on  the  syllable,  as  Professor  Monro 
imagines,  but  in  a  greater  emphasis  or  stress.  The  prejudice  which 
liae  so  long  esisted  against  the  use  of  Greek  accents  arose  partly 
from  mere  carelessness,  partly  from  a  notion  that  the  observance  of 
the  accent  would  interfere  with  the  proper  quantity  of  the  vowels, 
and  destroy  tlie  beauty  of  classical  verse.  But  this  notion  is  alto- 
gether unfounded,  as  classical  verse,  originally  an  inseparahle  part 
of  musical  science,  was  not  governed  in  any  respect  by  the  spoken 
accent,  but  guided  entirely  by  the  rhythmical  ictus  or  time-heat. 
Practically,  there  was  no  difficulty  in  reading  Greek  prose  by  the 
accent,  and  Greek  poetry  by  the  quantity.  In  the  /ittos,  or  purely 
musical  part  of  the  drama,  the  spoken  accent  naturully  fell  away. 
In  recitation  a  sort  of  compromise  probably  took  place,  which  is 
perfectly  easy  of  execution.  The  paper  included  a  history  or  review 
of  the  doctrines  of  learned  men  and  great  scholars  on  the  subject  of 
Greek  accentuation,  from  Erasmus  down  to  Chandler,  Munro, 
Clark,  and  Geldart.  It  was  astonishing  that  such  confusion  and 
beating  the  air  about  imaginary  difficulties  should  have  so  long  pre- 
vailed on  a  matter  comparatively  so  simple ;  but  there  was  not  the 
slightest  doubt  that  the  moment  our  classical  teachers  should  recur 
to  living  nature,  instead  of  being  governed  by  dead  tradition  in  this 
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matter,  t1ie  present  moDBtrous,  pernicious,  and  perplesing  practice 
of  reading  Greek  witb  Latin  accentiiatioD  must  cease.  Independent 
of  its  absurdity,  the  toss  of  time  occasioned  by  teaching  one  accent 
to  the  ear,  and  another  to  tlie  understanding,  should  be  motive 
enough  for  all  teachers  to  deliver  our  classicat  schools  from  a  yoke 
wbicb,  originally  imposed  by  sheer  laziness,  is  now  supported  only 
by  ignorance,  prejudice,  and  the  tyranny  of  custom. 


Monday,  20W  March  1871. 
D.  MILNE  HOME,  LL.D.,  Vice-President,  io  the  Chair. 
The  following  Commnnications  were  read : — 

1.  Notice  of  ExhibitioD  of  Vegetable  Spirals.  By 
Professor  Alexander  Dickson. 
Dr  Dickson  exhibited  a  number  of  specimens,  chiefly  Fir  Cones 
and  Cacti,  illustrating  the  principal  series  of  vegetable  spirals. 
Almost  all  the  cacti  and  many  of  the  cones  were  from  the  Edin- 
burgh Botanic  Garden  and  the  Museum  of  Ecouomio  Botany  there. 
As  the  nomenclature  of  the  cacti  in  the  Edinburgh  garden,  as  in 
many  other  botanic  gardens,  is  in  a  state  of  considerable  confusion, 
the  specific  names  vill  not  be  referred  t«,  and  the  generic  ones, 
even,  must  iu  some  cases  be  held  as  only  approximately  correct. 
This,  however,  is  of  the  less  conaequence  as  the  phyllotaxis  of  such 
plants  is  eminently  variable  even  in  the  same  species.  Ten 
different  series  or  systems  of  spirals  were  illustrated  by  specimens, 
of  which  the  following  may  be  noted. 

1   n^-  112    3     5. 

I.  Ordinary  senes,^,  g.  g,  g.  rs- **=■ 

Cones  of  Abies  DouglatU  (^) :  A.  txcelaa  (ji)-  Ptnut 
Cottlieri  (^j);  Araticaria  etccdta  (|j):  Araucaria  im- 
brieata  (|^)'.  Bijiigates  of  the  same  series  in  cone  of 
Abia  Dougtiuii  (j^,    the  solitary  abnormality  out  of 
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200  coDee  examiued;  in  an  EchiDocactUB  T^^V  and  in 
Abiet  exeelia  and  Pinua  Pinailer  (j]-i<j)-     Tnjugates  in 
an  EchiDOcactus  (g^);  ^oi  in  cones  of  Ahiei  exceha  and 
Pmiw  Pinaster  (i4,). 


Cones  of  Pinw  Pinaster,  P.  LamheiUana,  and  Ahies  excelsa 
f-^J:  Mammillarift  f-j^):  cone  of  Pinva  Jeffreyi  (  jj;)- 
Bijugatea  of  same  Beriee  in  an  Echinocactus  (j^);  and 
one  shoot  of  another  Echinocactus  (fy^)  • 

Echinocactus  {V\ ;  cone  of  Pinus  Pinaaler  (^  or  possibly 
^V     Bijagato  of  same  aeries  in  an  Ectiinocactua  Q^)- 

„    ,       112      3     , 
•  Series,  J,  j ,  jj ,  J,,*"- 

Two  Echinoeacti  (^) . 

.   „    .      112      3     . 

A  CereUB?  and  Manimillaria?  (^). 

.    „    .      112      3     , 
.  Sen..,,,  J,  jj.jj.to. 


Melocactus  and  Ecbinocactue  ^^^  . 
„    .      1    2    3     5     ,n  r 

EcliinocactUB?  (^"S  .  Bijugate  of  same  seriex  in  the  middle 
region  of  a  cone  of  Pimts  Lamhertiana  in  the  MuBenm, 
Ediuburgli  Botanic  Garden  (jj^-,) ;  the  two  parallel  BpiralB, 
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here,  ran  to  the  right  hand,  while  the  single  spiral  at  top 
and  bottom  of  the  cone  (^^  was  left-handed. 

Echinooactns  (^^ . 


EcbioooactuB  f—l . 

„    „    .      1     2      3       5      , 
X.  SeneB,j,-,  j3,2-2,&c. 

Cone  of  Pinus  PtTUuter,  in  Mnseam  of  EdiDbiirgh  Botanio 
QardeD,  (^J . 

Dr  Dickeon  drew  special  attention  to  five  flower  spikes  of 
Jiankiia  occidenlaiis,  which  he  had  examined  from  the  Edinburgh 
Botanic  Garden.  Theae  he  found  to  exhibit  four  distinct  arrange- 
mentB.  One  had  fourteen  vertical  rows  of  braote,  from  alternate 
whoile  of  seven;  two  presented  thirteen  rerticale,  from  a  X 
arrangement ;  one  had  also  thirteen  verticals,  but  from  a  -^ 
arrangement;  the  fifth  had  twelve  verticals,  from  a  ^  arrange- 
ment. 

2.  On  the  Old  River  Terraces  of  the  Spey,  viewed  in  con- 
nection with  certain  proofs  of  the  Antiquity  of  Man.  By 
the  Rev.  Thomas  Brown,  F.E.S.E. 

Aittraet 
The  author  referred  to  the  paper  whioh  he  had  read  on  the  ter- 
races of  the  Earn  and  Teith,*  and  then  described  similar  deposits 
which  he  had  observed  last  autumn  on  the  Spey,  giving  esamples 
with  drawings,  from  the  neighbonrhood  of  Eingussie,  Dalvey,  end 
Balliadalloch.  The  arguments  formerly  adducedf  were  equally  con- 
*  Trans.  Roy.  Boo.  EJ.  ii»i.  149.  t  Ibid.  164-168, 
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elusive  in  the  Spey  to  show  that  these  terraces  were  not  old  sea 
beaches  nor  lake  margina,  but  the  fluviattle  deposits  of  some  former 
epoch  when  the  floods  rose  to  a  greater  height-  The  problem  then 
came  to  be,  In  what  way  are  we  to  explain  the  action  of  the  river 
in  throwing  up  deposits  60,  80  feet,  or  even  more  above  its  bed  ? 
There  are  two  ways,  id  one  or  other  of  which  this  may  he  accounted 
for, — either  by  aiippoaing  the  river  bed  to  have  lain  on  its  present 
level,  and  allowing  rainfall  sufficient  to  flood  the  channels  np  to  the 
requisite  height;  orhy  supposing  the  bed  of  the  stream  to  have  been 
formerly  at  a  higher  level,  and  that,  after  forming  the  terraces,  the 
current  had  excavated  its  bed  down  to  where  it  now  is.  It  is  the 
second  of  these  views  which  has  found  most  favour  among  geologists, 
and  various  suggestions  have  been  offered  as  to  how  the  bed  of  the 
stream  was  formerly  elevated. 

One  explanation  is,  that  at  the  time  of  the  highest  terrace,  the 
line  of  the  valley,  then  comparatively  shallow,  was  occupied  by  the 
original  rock,  still  to  a  great  extent  «n  m'fu.  In  regard  to  our 
Scottish  valleys  this  explanation  is  inadmissible.  It  was  formerly 
shown,  from  the  position  of  the  bonlder  clay,*  that  the  locky  stmc- 
ture  of  these  river-courses  had  been  hollowed  out  nearly  as  deep  as 
now  previously  to  the  formation  of  the  terraces ;  but  apart  from 
the  Boulder  clay  the  terraces  themselves,  as  wiil  be  shown,  prove 
the  same  thing,  for  example,  the  70  feet  terrace  at  Kingnssie. 

Another  explanation  is,  that  during  the  last  submergence  of 
Scotland  the  valleys  had  been  flUed  by  marine  gravels,  Ac-,  and 
that  the  river  bed  had  been  thus  lifted  to  the  requisite  height. 
Thia  view,  however,  must  also  be  set  aside,  because  after  that  sub- 
mergence, the  valleys  of  Scotland  were  occupied  by  glaciers,  which 
must  to  a  great  extent  have  cleared  out  these  previous  marine 
deposite.f  Especially  must  this  have  taken  place  in  Strathspey, 
lying  so  high  above  the  sea,  and  connected  with  the  central  moun- 
tain-masses of  the  country.  The  glacier  must  have  ploughed  out 
the  marine  debris.     It  was  after  that  the  terraces  were  formed. 

There  is  a  third  suggestion,  that  the  river  had  raised  itself  on 
its  own  alluvium,  formed  the  1«rraces,  and  then  re-excavated  its 

•  TrauB.  Boy.  Soc.  Ed.,  vol  ixvi..  171. 

t  Sii  C.  Lyell's  Auticjuity  of  Mhii,  \i.  20<j.  Scenery  of  Scotland,  by  Mr 
Geikie,  p.  847 
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bed.  But  here,  again,  the  objections  are  equally  decisive.  Firtt, 
the  raising  of  a  river  bed  in  thia  way  seema  to  late  place  only  when 
the  current  has  reached  some  comparatively  level  part  of  ita  course, 
as  in  the  Po  or  Nile-  The  Spey  is  remarkable  for  the  steep  incline 
of  its  bed.  The  Ordnance  Survey*  shows  that  for  nearly  30  miles 
below  Grantown  it  goes  down  more  than  600  feet, — fully  20  feet  a 
mile.  The  current  is  strong,  the  old  terraces  are  high.  The  idea 
is  not  for  a  moment  to  be  thought  of  that  it  could  have  acted  as  the 
sluggish  livers  which  silt  up  their  beds.  Bnt,  »eeondly,  how  did  the 
river,  after  silting  up  its  bed,  and  raising  itself,  come  to  change  its 
action,  and  cut  its  way  down  ?  la  any  such  case  on  record  appli- 
cable to  any  river  course  as  a  whole?  If  such  a  revolution  of 
river  action  be  exceptional,  or  if  it  be  unknown  in  nature,  we 
should  surely  not  be  warranted  in  applying  it  to  the  rivers  of  Scot- 
land generally  at  the  period  of  the  terraces. 

Thus  the  idea  that  the  river  bed  bad  formerly  been  elevated  is 
eucompaKsed  by  difGcullies.  In  whatever  form  the  explanation  is 
put,  objections  at  once  suggest  themselves  which  would  appear  to 
be  fatal. 

Turning  to  the  other  view,  that  the  river  had  flowed  on  its  pre- 
seot  level,  we  find  that  the  one  great  difficulty  is  tbe  vast  amount 
of  water  which  would  be  needed  to  flood  the  channels  up  to  the 
requisite  height.  Mr  Prestwich,  referring  to  tbe  Somme  and  some 
English  rivers,  has  calculated  that  it  would  require  SOO  times  the 
present  flow  of  the  stream  to  form  the  80  feet  terrace.f  When  we 
look  closely  into  the  matter,  however,  this  difficulty  diminishes. 
Tbe  result  of  500  :  1  is  obtained  by  taking  tbe  present  flow  of  the 
Somme  at  SOO  square  feet  sectional  area.  That  represents  tbe 
river  when  not  in  flood.  As  the  80  feet  terrace,  however,  is  ad- 
mittedly the  work  of  the  old  river  when  in  flood,  we  must  take  the 
present  Somme  also  in  flood,  and  that  is  not  800  but  3000  square 
feet  (Prestwich),*  The  effect  of  thia  first  correction  is  to  bring 
the  500  :  1  down  to  133  :  1.  But,  further,  when  Mr  Prestwich 
comes  to  put  all  the  facts  together,  be  estimates  the  old  Somme  at 
a  little  more  thau  five  times  the  present — ltl,000§  against  3000  of 

*  A«  yet  uapnbliahed ;  bat  theae  results  were  obligingly  coTiimunicaicil 
by  Col,  Sir  U.  JameB.  F.R.S. 

+  Phil.  Truns..  vol.  cliv.,  p.  266,      J  Ibid..  202.       3  Iliid. 


byGooqlc 


402  Proceedings  of  the  BoyaX  Society 

sectioDal  area — and  the  result  ia,  that  if  we  compare  his  own  view 
with  that  which  lie  ascrihea  to  his  opponents,  the  133  :  1  is  further 
diminiahed  to  25  : 1.  But  there  is  a  still  more  important  fact  to  be 
taken  into  account-  In  calculating  the  sectional  area  of  (be  old 
river  the  whole  valley  is  assumed  aa  empty ;  but  this  it  cannot  have 
been,  at  least  here  in  Scotland.  If  the  rocky  structure  of  the  valleys 
was  excavated,  and  the  rock  removed,  how  shall  the^  floods  be 
raised  high  enough  to  form  the  terraces?  There  only  remaiD 
water  and  alluvium  to  fill  the  space.  The  only  reasonable  view  is 
that  tbe  area  of  the  valley  was  to  a  large  extent  occupied  by  masses 
of  alluvium  since  removed.  And  this  is  home  out  by  what  wc 
actually  find — fragments  of  old  gravelly  platforms  left  standing  b> 
tell  of  deposits  which  evidently  were  at  one  time  far  more  extended. 
A  third  correction,  not  less  important  than  the  others,  must  be  on 
mis  ground  applied  to  Mr  Prestwich's  calculation.  So  far  from 
the  valley  having  been  empty,  it  must  to  a  great  extent  have  been 
filled  with  alluvial  deposit  since  denuded.  The  difficulty  raised 
as  to  the  volume  of  tbe  old  floods  is  thns  to  a  great  extent  Eet  aside. 

At  various  points  along  the  Spey — Kingussie,  Coulnakyle,  Crom- 
dale — transverse  sections  of  the  valley  were  given,  showing  tlie 
height  of  the  terraces.  From  the  width  of  tbe  valley  in  these 
cases  (of  which  details  were  given)  it  appeared  that  a  calculation 
like  that  of  Mr  Frestwich  in  the  Somme  would  bring  out  results 
equally  incredible  as  to  tlie  old  floods,  but  owing  to  the  above  cor- 
rections tbie  diEGculty  is  removed,  and  the  remarkable  thing  is  that 
the  70  feet  terrace  at  Kingussie  has  been  laid  open  in  an  old  river 
course,  and  tbe  SO  feet  terrace  at  Cromdale  in  a  railway  cutting  so 
as  to  bring  out  similar  results  to  those  formerly  shown  from  the 
valley  of  Munzie.*  Explain  the  matter  how  we  may,  the  river, 
with  an  open  valley  three-fourths  of  a  mile  wide,  has  begun  at  tbe 
bottom,  on  tbe  level  of  its  present  bed,  and  piled  up  these  deposits 
to  the  height  of  70  or  80  feet.  That  they  are  the  work  of  the 
river  is  proved  by  the  way  in  which  the  platform-like  surface  of  the 
terrace  slopes  down  the  stream. 

The  idea  of  ascribing  these  high-lying  terraces  simply  to  the 

greater  flooding  power  of  some  former  time  was  suggested  by  a 

comparison  between  the  deposits  of  the  Buchil  with  those  of  the 

•  TrsnB,  Koj".  Soc.  Ed.,  vol.  ixvi.  pp.  171,  172. 
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Upper  Kani,  aod  of  the  terraces  of  Loch  Lubnaig  with  those  or 
Loob  Earn,  ae  fotmeTly  explained.*  It  is  confirmed  by  the  terraces 
of  the  Spey,  and  more  especially  by  the  failure  of  all  the  other  ex- 
planations. 

Our  knowledge  of  this  whole  series  of  deposits  is  as  yet  far  too 
imperfect  to  allow  of  anything  like  a  complete  theory  of  their  for- 
mation. IT  a  suggestion  might  be  offered,  perhaps  the  coiirse  of 
events  may  have  been  something  like  this.  When  the  glacial 
epoch  ended,  and  the  covering  of  ice  and  snow  melted  off  Scotland, 
there  would  be  no  small  amount  of  debris  over  the  face  of  the  coun- 
try, and,  unprotected  by  vegetable  covering,  it  would  be  washed 
down  into  the  valleys.  Every  one  admits  that  the  rivers  of  that 
age  were  larger  than  now — how  much  larger  it  is  difficult  to  say. 
If  the  Spey  had  five  times  it^i  present  volume  (as  Mr  Prestwicli 
suggests  in  the  case  of  the  Somme)  it  would,  judging  from  the 
present  force  of  its  current,  assuredly  keep  lis  central  channel  open 
whatever  the  amount  of  debris  which  came  down  into  the  valley. 
River-like,  it  would  form  its  banks,  and  spread  out  its  hauglis  up  to 
the  height  to  which  its  floods  could  rise,  when  confined  to  tV^  com- 
Tparativtly  narrovi  channel.  In  tlio  case  supposed  that  height  may 
have  been  great ;  and  these  old  high  terraces  may  be  the  fragments 
of  alluvial  platforms,  which  once  spread  out  along  the  valley,  where 
the  old  floods  had  raised  them.  Before  the  whole  facts  are  fully 
explained,  it  seems  probable  that  our  ideas  of  the  amount  of  water 
present  in  these  old  floods  may  have  to  he  enlarged. 

The  bearing  of  these  facts  on  certain  arguments  for  the  au- 
tiquily  of  man  was  considered,  with  special  reference  to  the  Spey 
deposits.  '{'here  are  gravel  beds  along  the  Somme  in  France, 
which,  up  to  the  height  of  80  feet,  contain  flint  weapons, 
which  are  held  to  be  of  human  manufacture ;  and  the  argument 
is,  that  the  river  has  excavated  through  the  rock  the  valley  in 
which  it  now  flows — that  this  has  been  done  since  the  deposition 
of  the  gravels,  and  to  allow  time  for  such  excavation  their  age,  and 
consequently  the  human  period,  must  be  carried  back  into  some 
vast  antiquity. 

But  here  Is  an  important  fact,  which  the  deposits  of  the  Spey 

make  still  more  clear  in  some  respects  than  those  of  the  Earn  and 

*  Tmii«.  Bo]ral  Soc.  Edio.,  toI.  ixvi.  168-166. 
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Teith.  Along  our  Scottish  rivers  there  are  eimilar  high  gravelB, 
80  feet  or  more  above  the  Btream ;  and  it  is  knowD  that,  pre- 
viously to  the  time  of  tlieir  formation,  the  rocky  structure  of  our 
valleys  had  already  been  hollowed  out  Dearly  as  deep  as  now.  Tbis 
is  shown  at  Kingussie,  where  the  70  feet  terrace — and  at  Crom- 
dale,  where  the  80  feet  terrace — are  seen  resting  on  the  rock 
nearly  on  a  level  with  the  river-bed.  If,  then,  with'  the  rocky 
bed  down  OD  ita  present  level,  the  Scottish  streams  have  managed 
tomehov!  to  form  those  high-lying  deposits,  why  may  not  the  French 
rivers  have  done  the  same?  In  that  case,  the  Somme  would  re- 
quire no  time  for  the  subsequent  excavation  of  its  valley,  and  the 
human  period,  so  far  as  this  argument  is  concerned,  may  not  be  so 
long  after  all. 

The  force  of  this  does  not  depend  on  the  correctness  of  the  views 
stated  above  as  to  the  formation  of  these  terraces.  Whatever  was 
the  way  in  which  the  Scottish  rivers  went  to  work,  it  was  after  the 
rock  had  been  excavated,  and  the  question  would  still  be,  why  may 
not  the  French  rivers  have  done  the  same? 

One  point  seems  clear,  that  the  case  of  the  French  gravels  must 
be  shown  to  differ  from  those  of  Scotland  before  the  advocates  of 
extreme  antiquity  can  prave  their  case  from  the  Somme.  After 
admitting  the  case  in  Scotland,  if  a  distinction  is  to  be  made  in 
regard  to  France,  the  burden  of  proof  will  lie  with  tbem.  The 
probabilities  would  certainly  eeem  to  be  against  them.  Rivers 
and  valleys  have  the  same  laws  in  different  countries.  If  the 
French  rivers  be  alleged  to  have  acted  differently  from  the  Scottish 
it  may  have  been  so,  but  the  grounds  of  the  difference  would  need 
to  be  adequate,  and  the  proof  clear.  In  the  present  case,  the 
alleged  distinction  has  reference  altogether  to  the  excavation  of 
the  rock.  In  France,  they  say  it  had  to  be  done  subsequently  to 
the  time  of  the  terraces ;  in  Scotland,  it  must  be  admitted  to  have 
been  done  before.  Are  there  any  grounds  on  which  such  a  distinc- 
tion can  be  made  good?  Was  there  such  a  difference  in  the  for- 
mation of  valleys  between  Scotland  and  France? 

It  will  not  be  alleged  that  the  soft  texture  of  the  chalk  rock 
of  the  Somme,  as  contrasted  with  oui  harder  rocks,  can  form  the 
ground  of  distinction-  In  France  itself  the  same  valley- systems 
traverse  many  different  kinds  of  rock. 
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Nor  can  it  b«  said  th&t  the  eubmergence  of  Scotland  aa  con- 
trasted with  the  area  of  the  Somme,  which  waa  not  Bubmerged,  can 
conatitDte  the  difference,  for  Mr  Preetwicb  has  shown*  not  only 
tliat  the  French  fi7^tem  of  valleys  has  crossed  into  the  south  of 
England,  but  that  it  prevails  indifferently  as  much  beyond  as  within 
the  line  of  submergence  traced  by  Sir  C.  Lyell.  That  snbmergence 
seems  in  this  respect  to  make  no  difference. 

It  is  equally  in  vain  to  allege  that  the  large  amount  of  alluvium 
in  the  Scottish  valleys  makes  such  a  ground  of  distinction  when 
contrasted  with  tbe  leaser  amount  of  such  deposits  on  tbe  Somme. 
The  alluvium  along  our  Scottish  streams  is  a  very  variable  quan- 
tity as  between  valley  and  valley,  and  as  between  different  portions 
of  tbe  same  valley.  On  the  other  hand,  tbe  amount  of  the  Somme 
gravels  at  Amiens  and  above  it,  is  great — so  great,  that  both  Mr 
Frestwich  and  Sir  Charles  Lyell  argue  in  favour  of  their  anticjuity, 
from  the  length  of  time  which  must  have  been  needed  to  accumu- 
late such  a  volume  of  debris.f  On  the  Oise  also,  and  some  neigh- 
bouring streams,  the  amount  of  alluvium  is  di^scribed  as  very  great. 

It  is  enough,  however,  to  remark,  that  the  burden  of  proof  lies 
with  the  advocates  of  antiquity,  and  that  its  difficulties  have  not 
been  sunnoiinted.  On  tbe  other  band,  there  is  one  thing  which  they 
may  fairly  be  asked  to  do — if  they  maintain  that  tbe  French  and 
Scottish  valleys  have  been  formed  on  different  principles — to  show 
where  the  two  systems  meet.  Tbe  French  method,  as  we  have 
seen,  crosses  into  England.  No  one  will  maintain  that  tbe  Scottish 
stops  at  tbe  Tweed.  Somewhere  tbey  must  come  in  contaot.  It 
would  be  instructive  if  some  one  would  try  to  show  us  two  conter- 
minous valleys  wrought  on  tbe  opposite  plans.  Tbe  attempt  would 
probably  evince  the  impossibility  of  drawing  sncb  a  distinction. 
In  all  that  is  important,  the  French  and  Scottish  valley  systems 
go  together. 

The  whole  of  these  remarks  are  submitted  as  snggestions,  show- 
ing the  need  of  much  more  complete  investigation.  On  this  whole 
series  of  deposits  we  have  much  to  learn, — far  too  much  to  admit  of 
anything  like  confident  conclusions  being  drawn  as  yet.  The  only 
safe  course  is  to  await  the  results  of  future  reaearoh. 

■  Phil.  TraoB.,  vol.  cliv.    PI.  iv. 

t  Prestwioh,  ut  tup.  286.     Sir  C.  Ljell,  ■■  Anliq.  of  Man,"  p.  144. 
VOL.  VII.  3  I 
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If  difBculty  be  etill  felt  in  regard  to  the  amount  of  water  required 
for  those  old  floods,  we  might  appeal  to  the  kind  of  proof  by  which 
the  exiatence  of  a  former  glacial  epoch  in  Scotland  is  eatahlished. 
Who  that  looked  to  the  present  ice  and  snov  of  a  Scottish  winter, 
could  think  it  likely  that  glaciers  once  filled  the  valleys  of  the 
Fentlaods,  and  that  masses  of  moving  ice  rose  over  the  flanks  of 
Arthur's  Seat.  We  point  to  the  rounded  and  etriated  rocks,  and 
say,  there  are  the  foot-prints  of  the  old  glacier, — and  the  thing  is 
proved,  no  matter  how  different  may  he  the  cold  of  our  present 
winters.  And  why  not  reason  thus  in  regard  to  the  old  floods? 
Who  that  looks  on  the  present  flow  of  our  streams  could  realise 
floods  able  to  raise  those  old  80  feet  terraces?  But  why  should 
we  not  point  to  these  deposits  where  they  lie,  and  say,  these  strati- 
fied gravels  and  bedded  sands  are  the  workmanship  of  the  old  cur- 
rents, which  once  swept  and  eddied  at  that  height  down  these 
valleys.  If  this  kind  of  evidence  makes  you  believe  in  the  great 
old  glacier  all  unlike  our  present  ice,  why  should  not  similar  proof 
make  you  believe  in  the  great  old  floods  of  a  former  epoch,  all 
unlike  though  they  may  be  to  our  present  streams  ? 

And  yet  in  Strathspey,  with  the  traces  of  the  Moray  floods  all 
around  ns,  it  is  easier  to  believe  these  things  than  it  would  be 
almost  anywhere  else.  It  was  at  Coalnakyle,  the  scene  of  one  of 
these  drawings,  that  Captain  M'Douald,  R.N.,  a  sailor  of  the  old 
school,  looked  out  and  saw  the  Spey,  about  a  mite  wide,  covered 
with  waves,  that  put  him  in  mind  of  Spithead  in  a  fresh  gale,  and 
felt  sure,  as  he  told  Sir  T.  D.  Lauder,  that  he  could  have  sailed  a 
fifty-gun  ship  frem  Boat  of  Garten  to  Bellifurth,  a  distance  of  seven 
miles.  The  small  bum  of  Dramlochan,  which  in  ita  ordinary  state 
"  is  hardly  suEQcient  to  keep  the  saw-mill  going,"  rose  till  it  swept 
away  two  bridges  of  twenty  feet  span,  the  column  of  water  being 
estimated  at  400  square  feet  sectional  area.  As  the  miller  of  Dal- 
nabo  expressed  it,  "  the  height  the  burns  rese  t«  that  day  was  just 
a'  thegither  ridiculous."  In  looking  back  to  the  time  of  these  old 
deposits,  it  is  generally  admitted  that  the  volume  of  the  rivers  was 
decidedly  greater  than  it  is  now.  Ur  Prestwlcb,  as  we  have  seen, 
assumes  that  the  old  Somme  was  five  times  the  present.  If  we 
might  suppose  something  like  this  in  the  Spey — if,  further,  there 
was  along  the  valley  an  amount  of  alluvium  sufGcient  to  confine 
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the  stream  to  its  own  channel — and  if,  from  whatever  cause,  there 
came  floods  which  would  do  in  proportion  foi  the  enlarged  Spey 
what  the  floods  of  1829  did  for  the  DromlochaD  Bum,  it  does  not 
appear  as  if  the  solution  of  the  problem  as  to  the  formation  of 
these  high  terraces  should  he  difficult.  It  is  in  this  direction  that 
the  solution  is  to  be  sought. 


Monday,  3<i  April  1871- 
Professor  KELLAND  in  the  Chair. 
The  following  Gommutiicatioiis  were  read ; — 

1.  Od  the  Gravid  Uteias  and  the  Arrangement  of  the  Fietal 
Memhranes  in  the  Cetacea.  By  Professor  Turner. 
{AbetTacl.) 
In  this  memoir  the  author  desoribed  the  disaection  of  the  gravid 
uterus  of  an  Orca  gladiator,  for  which  he  was  indebted  to  Mr  James 
Gatherer  of  Lerwick.  The  paper  contained  an  account  of  the 
nleruB  and  appendages,  the  foetal  membranes,  the  position  and 
general  form  of  the  fa3tus,  and  a  comparison  of  the  placentadon 
with  that  of  other  mammals  possessing  the  diffused  form  of  pla- 
centa. The  structure  of  the  uterine  mucous  membrane,  its  sub- 
division into  a  gland  layer  and  a  crypt  layer,  the  relations  of  the 
glands  to  the  crypts,  their  structure,  the  arrangement  of  their  hlood- 
vessele,  and  the  much  greater  vaEcularity  of  the  crypla  than  of  the 
gtandSjWereeBpeciBlly  described.  The  chorion,  though  with  diflused 
villi,  poBBeeaed  not  only  a  small  Don-vilbius  part  at  each  pole,  but  a 
tbird  larger  hare  spot  opposite  the  oa  uteri  internum;  the  non-vilioua 
spots  correaponded,  therefore,  to  the  three  uterine  orifices.  The 
arrangement  and  atnicture  of  the  villi,  the  relations  of  the  vessels 
to  tbem  and  to  the  chorion  generally  vere  described ;  the  plexus 
of  capillaries  within  the  villi  became  continuous  with  a  network, 
termed  sub-chorionic,  situated  immediately  beneath  the  intervillouH 
part  of  thecfaorion,  from  this  latter  plexus  the  rootlets  of  the  umbi- 
lical vein  arose.  The  intra-villoua  cnpillary  plexus  lay  in  relation 
to  the  system  of  capillaries  aitualed  in  the  wuUa  of  the  uterine 
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crypts,  wbikt  the  eub-chorioaic  lay  in  relatioD  to  tbe  capillaries 
situated  beneath  tbe  plane  of  the  general  uterine  mucous  surface. 
The  amnion  formed  a  continuous  bag  from  odo  born  of  tbe  chorion 
to  the  othei,  but  did  not  reach  the  poles  of  the  latter.  In  the  left 
horn,  which  contained  the  foetus,  it  extended  to  2  inches,  in  the 
right  to  9  inches  from  the  corresponding  pole  of  the  chorion,  its 
free  surface  was  studded  with  small  pedunculated  ccrpusclee.  The 
allantois  was  not  so  extensive  as  the  amnion.  The  urachus 
expanded  into  a  large  funnel-shaped  sac,  which  bifurcated  when  it 
reached  the  chorion  and  formed  a  right  and  left  cylindrical  bom  ; 
the  left  reached  to  7  inches  from  the  left  pole  of  tbe  chorion,  the 
right  to  21  inches  from  the  right  pole. 


2.  Note  on  some  Anomalous  Spectra.     By  H.  F.  Talbot. 

A  recent  number  of  FoggendorET'a  "  Annalen  "  contains  a  short 
bnt  interesting  paper  by  Chrislianeen,  of  Copenhagen,  in  which  he 
states  that  a  hollow  prism  filled  with  the  alcoholic  solution  of 
fuchsine  produces  a  highly  anomalous  spectrum,  which,  instead  of 
proceeding  regularly  from  the  red  to  the  violet  like  tbe  ordinary' 
solar  spectrum,  stops  at  a  certain  point,  returns  backward,  then 
i-tops  again  and  resumes  a  direct  course  to  the  end.  This  paper  by 
ChristiauBen,  kindly  pointed  out  to  me  by  Professor  Tait,  recalls  to 
my  memory  an  experiment  which  1  formeriy  made  more  than 
thirty  years  ago,  and  which,  with  the  pernjission  of  the  Society,  I 
will  briefly  describe,  premieing,  however,  that  I  write  from  memory, 
and  without  access  at  present  to  the  original  paper  which  I  believe 
I  have  still  preserved.  My  account  may  therefore  contain  some 
inaccuracies,  but  the  general  nature  of  tbe  experiment  was  as 
follows  1  —I  prepared  some  squaie  pieces  of  window  gUss,  about  an 
inch  square.  Takingoneof  these,  I  placed  upon  it  a  drop  of  a  strong 
solution  of  some  saltof  chromium,  which,  if  I  remember  rightly,  was 
the  double  oxalate  of  chromium  and  potaeb,  but  it  may  have  been 
that  substance  more  or  less  modified.  By  placing  a  second  square  of 
glass  on  the  first,  the  drop  was  spread  out  in  a  thin  film,  but  it  was 
prevented  from  becoming  too  thin  by  four  pellets  of  wax  placed  at  the 
corners  of  tbe  square,  which  likewise  served  to  hold  tbe  two  pieces 
of  glass  together.     The  glasses  were  then  laid  aside  for  some  hours 
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until  oryBtals  formed  in  the  liquid.  These  were  aeceeaarily  tbin, 
since  their  thickness  was  limited  by  the  interval  between  the 
glasses.  Of  course  the  central  port  of  each  crystsl,  except  the 
smallest  ones,  was  bounded  by  [larallel  planes,  but  the  extremities 
were  bevilled  at  various  angles,  forming  so  many  little  priBms,  the 
smaUest  of  them  floating  in  the  liquid.  When  a  distant  candle 
was  viewed  through  these  glasses,  having  the  little  prisms  inter- 
posed, a  great  number  of  spectra  became  visible,  caused  by  the 
inclined  edges.  Most  of  these  were  no  doubt  vei;  imperfect,  but 
by  trying  the  glass  at  various  points,  some  very  distinct  spectra 
were  met  with,  and  these  could  with  some  trouble  be  isolated  by 
covering  the  glass  with  a  card  pierced  with  a  pin-hole.  It  was 
then  Been  that  each  prism  (or  oblique  edge  of  crystal)  produced  two 
spectra  oppositely  polarised  aud  widely  separated.  One  of  these 
spectra  was  normal;  there  was  nothing  particular  about  it.  The 
colours  of  the  other  were  very  anomalous,  and,  after  many  experi- 
ments, 1  CHiue  to  the  conclusion  that  they  could  only  be  explained 
by  the  su[>position  that  tbe  spectrum,  after  proceeding  for  a  certain 
distance,  slopped  short  and  returned  upon  itself. 

No  accurate  measurements,  however,  were  made,  because  it 
always  happened  that,  after  the  lapse  of  a  minute  or  two,  tbe 
crystals  dissolved  in  the  surrounding  liquid,  owing  to  the  warmth 
of  the  hand  or  eye.  The  presence  of  the  liquid,  however,  was 
necessary  to  give  the  crystals  the  requisite  transparency,  aud, 
moreover,  the  liquid  virtually  diminishes  the  angle  of  the  prism 
floating  in  it,  which  otherwise  would  be  too  great  to  give  a  good 
result.  I  never  published  this  experiment,  because  I  found  it 
delicate  and  capiicious,  and  I  was  reluctant  to  publish  any  facts 
that  might  be  difficult  for  others  to  verify.  But  I  have  several 
times  described  it  to  Sir  B.Brewster  in  convers.it  ion,  atid  be  always 
said  that  he  thought  it  very  important,  at  the  same  time  suggesting 
that  there  might  perhaps  be  some  fallacy.  This  was  because  be 
doubted  the  possibility  of  a  spectrum  being  partially  inverted  or 
returning  on  itself.  But  this  doubt  seems  now  to  be  wholly 
removed  by  Christiansen's  experiment,  in  which  there  seem  to  be 
two  inversions  in  the  epectrum,  and  therefore  I  no  longer  hesitate 
to  state  the  grounds  on  which  I  concluded  long  ago  that  this 
phenomenon  was  possible. 
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Writing  entirely  from  memory,  it  is  possible  that  I  may  have 
fallen  into  some  inaccuracies  in  this  brief  account,  whicli,  if  it 
should  be  the  ca^e,  I  trust  the  Society  will,  under  the  circumstance, 
kindly  excuse. 

P.S. — Since  the  above  remarks  were  written,  the  first  number  of 
Foggenilorff'B  "  Annalen  "  for  the  present  year  has  been  received  in 
Edinburgh.  This  contains  a  long  article  by  Eundt  on  the  snbject 
of  Christiansen's  experiment. 

He  finds  that  anomalous  spectra  are  given  by  all  the  aniline 
colours,  and  by  permanganate  of  potash.  Such  spectra  turn  back 
upon  themselves,  generally  having  the  green  at  one  extremity,  the 
blue  being  situated  between  the  green  and  the  red. 

Hence  this  property  is  possessed  by  an  extensive  class  of  bodies^ 
and  must  form  a  new  and  separate  branch  of  optics.  He  gays  that 
the  phenomenon  ouly  occurs  when  a  very  strong  solution  of  the 
substance  is  employed  in  the  form  of  a  liquid  prism  of  25°,  But 
only  the  thin  extreme  edge  of  the  prism  is  available,  the  tbicknesB 
of  the  rest  rendering  it  opaque.  He  failed  in  the  attempt  fo  form 
a  solid  prism  by  mixing  collodion  with  the  alcoholic  solution,  but 
this  might  perhaps  be  achieved  by  other  means.  In  the  meantime 
a  wide  field  of  experiment  is  open. 

3.  Laboratory  Notes.    By  Professor  Tait. 
I.  On  Anomalous  Spectra,  and  on  a  simple  Direct-vision 
Spectroscope. 
When  I  first  saw  Le  Boux's  account  of  bis  vety  singular  dis- 
covery of  the  abnormal  refraction  of  iodine  vapour,  I  was  inclined 
to  attribute  the  pbenomeuon  to  Bomethingsimilar  to  over-correction 
of  an  achromatic  combination.     In  fact,  if  a  hollow  prism  be  filled 
with  a  mixture  of  two  gases  or  vapours,  one  of  which  is  more 
refractive  than  air,  the  other  less  refractive;   while  the  second 
body  is  more   dispersive  than    the   first ;    it  is   easy  to  see  that 
Le  Roux's  result  might  be  obtained,  altliough  each  of  the  sub- 
stances employed  is  free  from  anomalous  refractive  properties.     In 
a  recent  conversation  with  Mr  Talbot,  I  happened  to  mention  the 
subject,  and  I  learned  from  him  his  remarkable  observation  just 
laid  before  the  Society.     1  have  since,  when  I  had  an  opportunity, 
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made  several  trials  with  hollow  priems  and  prismatic  vessels,  using 
various  Bubstaiices,  Bach  as  oils  of  cassia  and  turpentine,  toluol, 
alcohol,  saturated  solutions  of  salls,i&c.,  tvitli  the  view  of  imitating, 
with  nearly  traJispareut  substances,  the  singular  results  obtained 
by  Talbot,  Christiansen,  and  Eundt.  The  observations  are  cer- 
tainly very  easy  in  one  sense,  though  very  laborious  in  fact;  but  I 
have  already  produced  a  spectrum  doubled  OQ  itEelf,  and  have  do 
doubt  that  with  patience  I  shall  be  able  to  produce  one  with  two 
and  even  more  inversions;  though,  of  course,  the  more  numerous 
aie  the  inversions  the  smaller  is  the  scale  of  the  whole  phenomenon. 
The  easiest  method  seems  to  be  to  put  into  a  hollow  prism  a  mix- 
ture of  two  subelanceB  of  very  different  refractive  powers,  and  to 
immerse  it  in  a  prism  or  trough  containing  a  substance  of  inter- 
mediate refractive  power.  When  a  trough  is  employed,  an  external 
glass  prism  may  with  advantage  be  used  along  with  the  combina- 
tion. The  sought  phenomenon  is,  of  course,  obtained  best  near  the 
point  of  adjustment  for  achromatism,  and  is  in  fact  very  closely 
connected  with  the  investigations  of  Dr  Blair  in  his  attempts  to 
improve  the  achromatic  telescope  by  using  fluid  lenses. 

One  of  my  hastily  set-up  combinations  (of  two  liquids  only)  gave 
me  a  direct-vision  spectroscope  complete,  more  powerful  than  one 
of  Browning's  excellent  instruments  with  Ave  gloss  prisms,  and  I 
have  little  doubtthat  in  this  way  very  good  results  may  be  obtaiued. 
But,  if  it  be  needful  to  examine  only  a  small  region  of  the  spectrum 
at  a  time,  practically  unlimited  dispersion  may  be  obtained  by  using 
80  very  simple  a  combination  as  two  approximately  isosceles  flint 
prisms  of  small  angle  with  their  edges  together  and  theii  adjacent 
faces  inclined  at  an  angle  approaching  to  180°,  so  as  to  form  a  hollow 
prism  to  be  filled  with  oil  of  cassia.  In  fact,  the  dispersion  is  in 
this  case  easily  seen  to  be  nearly  proportional  to  the  tangent  of 
half  the  angle  of  the  oil  prism.  If  two  kinds  of  glass,  of  very 
difTerent  dispersive  powers,  but  of  nearly  equal  mean  refractive 
powers,  could  be  obtained,  a  permanent  combination  might  be 
easily  formed  on  this  plan,  giving  as  much  dispersion  as  a  very 
long  train  of  ordinary  prisms,  and  losing  scarcely  any  light.  A 
slight  inclination  of  the  ends  to  one  another  will  enable  us  to  use 
ordinary  flint  and  crown  for  the  purpose,  except  in  so  far  as  total 
reflection  may  interfere.     Such  a  combination,  adjusted  for  the  red 
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ray  C,  seeme  to  promise  to  be  of  coneideiable  uk  in  obeervatioDS  of 
tbe  bud's  atmosphere.  A  somewhat  similar  result  may  be  obtained 
by  Hsiug  a  single  large  prium,  one  of  vhose  faces,  employed  for 
total  reflection,  has  a  very  slight  cylindrical  curvature. 

2.  On  a  Method  of  illustrating  to  a  large  Audience  tbe  Composition 

of  simple  Harmonic  Motions  under  variona  conditione. 
I  have  often  felt  the  difficulty  of  illustrating,  by  means  of  Airy's 
Wave  Machine,  and  various  other  complex  instruments  of  a  similar 
character,  the  composition  of  plane  polarised  rays  into  a  single 
elliptically  or  circularly  polariseil  one ;  the  difficulty  arising  chiefly 
in  ahowing  separately,  but  in  close  succession,  to  the  audience  the 
two  vibrations  which  are  to  be  compounded,  and  their  resultant. 
Lissajoux's  apparatus  would  exactly  answer  the  purpose  if  we  had 
tuning-forks  vibrating  10  or  15  times  a  second,  its  sole  defect  being 
the  extreme  rapidity  with  which  difTerences  of  phase  are  run  through ; 
and,  in  fact,  I  have  tried  metronome  pendulums  with  mirrors  attached 
to  them  ;  but  I  have  since  found  tbe  following  arrangement  to  be 
much  more  satisfactoiy.  It  consists  simply  in  using  plane  mirrors 
rotating  about  axes  very  nearly  perpendicular  to  tlieir  surfaces.  A 
ray  reflected  almost  normally  from  each  of  two  such  mirrors,  equally 
inclined  to  their  axes,  and  rotating  in  opposite  directions  with 
equal  angular  velocities,  bae  communicated  to  it  a  simple  harmonic 
vibration,  whose  line  and  phase  can  be  adjusted  at  pleasure  by  a 
touch.  Two  such  systems  of  pairs  of  mirrors,  connected  by  elastic 
hands  with  an  axle  driven  by  hand,  enable  the  operator  to  illustrate 
every  combination  of  two  simple -harmonic  motions,  as  well  as  of 
circular  and  elliptic  vibrations.  By  an  obvious  adjustment  it  is 
easy  to  use,  instead  of  equal  periods  of  vibration,  periods  bearing 
any  desired  relation  to  one  another ;  and  by  crossing  one  or  more 
of  the  bands  we  reverse  tbe  direction  of  rotation  in  the  correspond- 
ing shafts.  It  is  absolutely  necessary  to  have  adjusting  screws  by 
which  to  regulate  the  inclination  of  each  minor  to  its  axis. 

3.  On  a  simple  Mode  of  explaining  tbe  Optical  Effects  of  Mirrors 

and  X<enses. 
It  is  very  singular  to  notice  how  small  a  matter  makes  tbe  differ- 
ence between  the  intelligibility  and  unintAligibility  of  a  demon- 
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Btration  to  an  audieoce  as  a  whole  not  mathematictil.  In  no  part 
of  PhyBJcB  have  I  found  this  so  marked  as  in  the  moat  elementary 
portions  of  geometrical  opiics.     Such  a  formula  as 


when  interpreted  directly  as  Bignifying  that  "the  Biim  of  the 
reciprocals  of  the  distunces  of  the  object  and  image  from  the  snr- 
face  of  a  concave  spherical  mirror,  ia  equal  to  double  the  reciprocal 
of  the  radius  of  the  mirror,"  if  unclerstood  at  all,  is  understood  as  a 
sort  of  memort'a  tecknica  which  enables  the  student  to  make  calcu- 
lations; but  unless  be  have  some  knowledge  of  raathematicB  it 
suggeRts  absolutely  no  higher  meaning.  If,  however,  we  give  to 
the  various  terms  of  the  formula  their  meanings  in  terms  of  the 
divergertee  of  the  incident  and  reflected  beams,  and  of  the  normals 
to  the  reflecting  surface,  even  the  non- mathematical  student  easily 
understands  the  relation  signified.  I  am  indebted  lo  Mr  Sang  for 
a  reference  to  Lloyd  On  Light  and  Fm'on,  1831,  in  which  this 
mode  of  presenting  the  subject  is  introduced,  but  I  tbink  the  term 
"  vergency  "  there  used  is  hardly  so  convenient  as  the  more  com- 
monly employed  word  divergence.  Our  fundamental  optical  fact 
is  that  to  produce  the  most  distinct  vision  rays  must  diverge  as  if 
from  a  point  about  ten  inches  from  the  eye.  No  one  has  any  diifi- 
cnlty  in  underslanding  this.  As  my  object  has  been  merely  to  men- 
tion to  the  Society  what  I  have  found  to  be  a  method  (however 
trivial  in  itself,  yet)  of  really  considerable  importance  in  tesching, 
I  need  do  no  more  than  give  one  simple  example  of  its  application, 
and  that  only  to  direct  pencils  of  such  small  divergence  that  spheri- 
cal aberration  may  be  neglected.  A  perfectly  obvious  set  of  modi- 
fications is  introduced  when  we  treat  of  oblique  pencils,  and  pencils 
of  large  divergence,  but  students  capable  of  underBtandtng  these 
do  not  require  the  adoption  of  such  elementary  methods  of  ex- 
planation. 

Take,  then,  the  case  of  light  refracted  at  a  concave  spherical  sur- 
face, bounding  a  substance  denser  than  air  If  the  incident  and 
rerracted  rays  make  (small)  angles  a  and  j3  with  the  axiB  of  the 
surface,  and  if  y  be  the  angle  between  the  normal  at  the  point  of 
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incideDce  and  the  axis,  these  angles  being  the  respective  diT«r- 
geoces,  we  have  rigoroutly  hy  the  law  of  refraction 

BinCy-o)  -/isinCy-^), 
OT,  approximately, 

or  rt8-a  =  0-l)y       .  .  .  .     (\), 

where  /i  is  the  refractive  index.     [This  we  may,  if  n-e  choose, 
translate  into 


e-i>-^». 


where  y  is  the  distance  of  the  point  of  incidence  from  the  axis,  and 
the  rest  of  the  notation  is  as  usual.  In  this  form  we  see  that,  to 
our  approximation,  the  result  is  independent  of  y.] 

In  (1)  we  have  y=0  for  a  plane  surface,  and  /i=  —  I  when  there 
is  reflection  instead  of  refraction. 

Hence  for  a  reflecting  surface  the  meaning  of  (1)  is — "the  sum 
of  the  divergences  of  the  incident  and  reflected  rays  is  twice  that 
of  the  normals  to  the  surface."  If  the  incident  rays  be  parallel, 
the  reflected  rays  diverge  twice  as  much  as  do  the  normals. 

At  the  second  surface  of  a  thin  lens  (1)  becomes 


r.^~^ 


^G-> 


which,  compounded  with  (t),  gives 

which  may  be  thus  translated — "  A  lens  produces  a  definiU  change 
of  divergence  oa  exiy  A\t6ct  pencil — and  the  change  is  /i-I  times 
the  difference  of  the  divergences  of  the  normals  to  its  surfaces." 

Hence  that  a  divergence  may  be  changed  into  an  equal  negative 
divergence,  it  must  be  equal  to  half  the  change  produced  by  the 
lensj  i.e.,  when  the  object  and  image  are  equidistant  from  th« 
lens,  theii  common  distance  from  it  is  double  the  focal  length  of 
the  lens. 
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4.  On  the  Structure  of  tbe  Palceozotc  Crinoids. 
By  Professor  Wjville  Thomson. 

{Abatrarl.) 

The  best  known  living  representatives  of  liie  Echinoderm  ClasH 
Cbinoidu  are  the  genera  Antedon  and  Pentacrinua — theformerthe 
feather  stars,  tolerably  common  in  all  seas;  tbe  latter  the  stalked 
sea  lilies,  whose  oaly  ascertained  habitat,  until  lately,  was  the 
deeper  portion  of  tbe  sea  of  tbe  Antilles,  whence  they  were  rarely 
recovered  by  being  accidentally  entangled  on  fishing  lines.  Within 
the  last  few  years  Mr  Robert  Damon,  the  well-known  dealer  in 
natural  history  objects  in  Weymouth,  has  procured  a  considerable 
number  of  specimens  of  the  two  Weet-indian  Penlaerini,  and  Dr 
Carpenter  and  tbe  author  had  an  opportunity  of  making  very 
detailed  ohservutions  both  on  tlie  hard  and  the  soft  pnrts.  These 
observations  will  shortly  be  published. 

The  Genera  Aiiledon  and  Pentacrinus  resemble  one  anotber  in 
all  essential  particulars  of  internal  struiture.  The  great  distinc- 
tion between  ihem  is,  that  while  Antedon  swims  freely  in  tbe  water, 
end  anchors  itself  at  will  by  means  of  a  set  of  "  dorsal  cirri,"  Penta- 
crinus is  attached  to  a  jointed  stem,  which  is  either  peimanently 
fixed  to  tome  foreign  body,  or,  as  in  tbe  case  of  a  fine  species 
procured  off  the  coast  of  Portugal  during  tbe  cruise  of  tbe  Porcu- 
pine in  tbe  summer  of  1870,  loosely  rooted  by  a  whorl  of  terminul 
cirri  in  soft  mud.  Setting  aside  the  stalk,  in  Antedon  and  Penta- 
eritius  the  body  consists  of  a  rounded  ci-ntral  disc  and  ten  or  more 
pinnated  arms.  A  ciliated  groove  runs  along  the  "oral"  or 
"ventral"  surface  of  tbe  pinnules  and  arms,  and  these  tributary 
brachial  grooves  gradually  coalescing,  terminate  in  five  radial 
grooves,  wbicb  end  in  an  oral  opening,  usually  subcentral,  some- 
times very  excenlric.  The  cesophagus,  stomacb,  and  intestine  coil 
round  a  centra!  axis,  formed  of  dense  conneclive  tissue,  apparently 
coiiiinuuua  with  tbe  stroma  of  tbe  ovary,  and  of  involutions  of  the 
perivisceral  membrane;  and  tbe  intestine  ends  in  an  anul  tube, 
which  opens  eccentrically  in  one  of  tbe  interradial  spaces,  and 
usually  projects  considerably  above  the  surface  of  tbe  disc.  Tbe 
contents  of  the  stomacb  are  found  uniformly  to  consist  of  a  pulp 
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uompoBed  or  particleK  of  organic  matter,  tbe  aliields  of  diatoms, 
and  the  Blielis  of  mioute  foraminifera.  The  mode  of  nutrition 
may  be  reudily  observed  in  Antedon,  which  will  live  for  months  in 
a  tank.  The  animal  reats  attauhed  by  its  dorsal  cirri,  with  its 
arms  expanded  like  the  petals  of  a  full-hbiwn  flower.  A  current 
of  sea- water,  bearing  organic  particles,  is  carried  by  tbe  cilia  along 
the  brachial  grooves  into  the  mouth,  the  water  is  exhauBted  in  the 
alimentary  canal  of  its  aseimilable  matter,  and  ie  finally  ejected 
at  the  anal  orifice.  Tbe  length  end  direction  of  the  anal  tube 
prevents  the  exhausted  water  and  tbe  fcecal  matter  from  returning 
at  once  into  the  ciliated  paesagea. 

In  the  probably  extinct  family  Cyathocriiiidte,  and  notably  in 
tbe  genus  Cyathoerinua,  which  I  lake  as  the  type  of  tbe  Paleeozoic 
group,  the  so-called  Crinoidb*  tesskllata,  tbe  arrangement,  up  to 
a  certain  point,  is  much  tbe  eame.  There  is  a  widely -expanded 
crown  of  branching  arms,  deeply  grooved,  which  doubtless  performed 
the  same  fuuction^  ae  tbe  grooved  arms  of  PerUacrinaa ;  but  the 
grooves  stop  short  at  the  edge  of  the  disc,  and  there  is  no  central 
opening,  the  only  viaible  apertures  being  a  tube,  sometimes  of 
exlreiue  length,  rising  I'rom  tbe  surface  of  the  disc  in  one  of 
the  interradial  spaces,  which  is  usually  greatly  enlarged  for  its 
accommodation  by  the  intercalation  of  additional  peri  somatic  plates, 
and  a  small  tunnel-like  opening  through  the  perisom  of  the  edge 
of  the  disc  opposite  the  base  of  each  of  the  arms,  in  continuation 
of  the  groove  of  tbe  arm.  The  functions  of  these  openings,  and 
tbe  mode  of  nutrition  of  the  critioid  having  this  structure,  has 
been  tbe  subject  of  much  controversy. 

Tbe  author  bad  lately  had  an  opportunity  of  examining  some 
very  remarkable  specimens  of  Cyathocritau  arlhritieus,  procured  by 
Mr  Charles  Ketley  from  the  upper  Silurians  of  Wenlock,  and  a 
number  of  wonderfully  perfect  examples  of  species  of  the  genera 
Aclinocrinm,  PlatycrintiB,  and  others,  for  which  he  was  indebted  to 
tbe  liberality  of  Mr  Charles  Wachsmuth  of  Burlington,  Ohio,  and 
Mr  Sidney  Lyon  of  Jeffernouvillc,  Indiana;  and  he  had  also  bad 
tbe  advantage  of  studying  photographs  of  plates,  showing  tbe 
internal  strucLure  of  fossil  crinoids,  aliout  to  he  published  by  Messrs 
Meek  and  Worthen,  State  Geidogists  for  Illinois.  A  careful 
examination  of  all  those,  taken  in  connection  with  the  description 
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by  Professor  Lov^d,  of  Hyponame  Sarsii,  a  recent  crinoid  lately 
procured  from  Torres  Strait,  had  led  bim  to  tlie  followiug  geoeral 
conclusions. 

In  accordance  with  the  viewe  of  Dr  Schultze,  Dr  Lfitkeu,  and 
Messrs  Meek  and  Wortben,  he  regarded  the  proboscis  of  the  tesse- 
lated  crinoids  as  the  anal  tube,  corresponding  in  every  reepect 
witb  the  anal  tube  in  AnUdon  and  PmUacrinw,  and  he  maintained 
the  opinion  wbicli  be  formerly  published  (Edin.  N^ew  Fbil. 
Jour,  Jany.  1861),  that  the  valvular  "pyramid"  of  the  Oysti- 
desne  is  aUo  the  anus.  The  true  mouth  in  tbe  tesselated  cri- 
noids is  ati  internal  opening  vaulted  over  by  the  plates  of  tbe  peri- 
som,  and  situated  in  tbe  axis  of  the  radial  system  more  or  less 
in  advance  of  the  anal  tube,  id  the  position  assigned  by  Mr 
Billings  to  bis  "  ambulacral  opening."  Five,  ten,  or  more  openings 
round  tbe  edge  of  the  disc  lead  into  channels  continuous  witb  the 
grooves  on  tbe  ventral  Burface  of  the  arms,  either  covered  over 
like  tbe  moutb  by  perisomatic  plates,  tbe  inner  surface  of  which 
they  more  or  less  impress,  and  supported  beneath  by  chains  of 
ossicles;  or,  in  rare  cases  (.ilntpAoracrinus),  tunnelled  in  tbe  sub- 
iitance  of  tbe  greatly  thickened  walls  of  the  vault.  These  internal 
passages,  usually  reduced  in  number  to  five  by  uniting  with  one 
another,  pass  into  the  internal  mouth,  into  which  they  doubtless 
lead  the  current  from  tbe  ciliated  brachial  grooves. 

The  connection  of  different  species  of  Plaigccras  with  various 
crinoids,  over  whose  anal  openings  they  fix  themselves,  moulding 
the  edges  of  their  shells  to  the  form  of  shell  of  tbe  crinoid,  is  a 
case  of  "commensalism,"  in  wbich  tbe  mollusc  takes  ad vsiiti^e 
for  nutrition  and  respiration  of  tbe  current  pasEing  through  tbe 
alimentary  canal  of  tbe  echinoderm.  Sijponome  Sarsii  appears, 
from  Professor  LovSn's  description,  to  be  a  true  crinoid,  closely 
allied  to  Antedon,  and  does  not  seem  in  any  way  to  resemble  the 
Cystideans.  It  has,  however,  ^precisely  the  same  arrangement  as 
to  its  internal  radial  vessels  and  mouth  wbich  we  find  in  the  older 
crinoids.  It  bears  tbe  same  structuml  relation  to  Antedon  which 
Extracrinua  bears  to  Penlacrinw. 

Some  examples  of  difi'erent  tesselated  crinoids  from  the  Burling- 
ton limestone,  most  of  them  procured  by  Mr  Wacbsmutb,  and 
described  by  Messrs  Meek  and  Wortben,  sbnw  a  very  remarkable 
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coDvoluted  plate,  somewhat  in  form  tike  the  shell  of  a  Scaphander, 
placed  vertically  in  the  ceutre  of  the  cu|>,  in  the  poBitioD  occupied 
by  the  fibrous  asis  or  columella  in  PentacTMut  and  Antedon.  Mr 
BillingB,  the  (listinguiahed  palxontologiat  to  the  Survey  of  Canada, 
ID  a  very  valuable  paper  on  the  structure  of  the  CrinoMea,  Cystidea, 
and  Blastoidea  (SiUiman's  Journal,  January  1870),  advocates  the 
view  that  the  plate  is  connected  with  the  apparatus  of  respiration, 
and  that  it  is  homologous  with  the  pectinated  rhombs  of  Cystideans, 
the  tube  apparatus  of  Pentremites,  and  the  saod'Canal  of  Asterids. 
Messrs  Meek  and  Worthen  and  Dr  Liitken,  on  the  other  hand, 
regard  it  as  associated  in  some  way  with  the  alimentary  canal  and 
the  function  of  uutritiou. 

The  author  strongly  supported  the  latter  opinion.  The  perivis- 
ceral mcmbrune  in  Anledoa  and  PeiUaerintu  alreaiiy  alluded  to, 
which  lines  the  whole  calyx,  and  whose  involutions,  supporting 
the  coils  of  the  alimentary  canal,  contribute  to  the  formation  of 
the  central  columella,  is  crowded  with  miliary  grains  and  small 
plates  of  carbonate  of  lime;  and  a  very  slight  modification  would 
convert  the  whole  into  a  delicate  fenestrated  calcareous  plale. 
Some  of  the  specimens  in  Mr  Wachsmuth's  collection  show  the 
open  reticulated  tinsue  of  the  central  coil  continuous  over  the 
whole  of  the  interior  of  the  calyx,  and  rising  on  the  walls  of  the 
vault,  thus  following  almost  exactly  the  course  of  the  perivisceral 
membrane  in  the  recent  forms.  In  all  likelihood,  therefore,  the 
internal  calcareous  network  in  the  crinoids,  whether  rising  into 
a  convoluted  plate  or  lining  tlie  cavity  of  the  crinoid  head,  is 
simply  a  calcified  condition  of  the  perivisceral  sac. 

The  author  was  inclined  to  agree  with  Mr  Eofe  and  Mr  Billings 
in  attributing  the  functions  of  respiralton  to  the  pectinated  rhombs 
of  the  Cystideans  and  the  tube  apparatus  of  the  Blastoids.  He  did 
not  see,  however,  that  any  eqnivulent  arrangement  was  either 
necessary  or  probable  in  the  crinoids  with  expanded  arms,  in  which 
the  provisions  for  respiration,  in  the  form  of  tubular  tentacles  and 
respiratory  films  and  lobes  over  the  whole  extent  of  ihe  arm^  and 
pinnules,  are  so  elaborate  and  complete. 
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5.  On  the  Formation  and  Decomposition  of  some  Chlorinated 
Acids.     By  J.  Y.  Buchanan. 

i.  On  the  Sale  of  the  Action  of  a  Large  Exceta  of  Water  on  Mono- 
chloracetic  Acid  at  100°  C. — When  monochloracelic  acid  ie  lieated 
with  water,  double  decomposition  takes  place,  glycolhc  and  hydro- 
chloric acids  being  formed  ;  aod  conversely,  when  glycollic  acid  is 
heated  with  hydrochloric  acid,  it  is  converted  into  monochloracetio 
acid  and  water.  A  similar  reaction  takes  place  with  the  two  mono-  ' 
chloropropionic  and  corresponding  lactic  acids,  and  probably  with 
all  their  homologues. 

The  task  which  I  have  set  myself  is  to  study  these  reactions.  Id 
so  far  as  they  are  dependent  upon  temperature,  duration  of  reaction, 
and  relative  mass  of  reacting  substances.  lu  the  present  commu- 
nication, I  give  the  results  of  experimenting  upon  monochloracettc 
acid  with  a  very  large,  practically  infinite,  eiceaa  of  water  at 
100°  C. 

The  monochloracetio  acid  was  purchased  from  Dr  Marquart,  of 
Bonn,  and  rectified.  What  passed  between  180°  and  190°  was 
used  for  the  following  experiments  :^A  watery  solution  of  it  was 
made  which  contained  in  a  litie  32*4  grms.,  aod  showed  a  specific 
gravity  =  1'0124,  whence  the  chloracetic  acid  and  the  water  were 
mixed  in  the  proportion  of  one  molecule  of  the  former  to  164 
molecules  of  the  latter. 

As  the  increase  of  the  acidity  of  the  solution  is  the  measure  of 
the  decomposition  which  takes  place,  it  is  easily  determined  by 
titration.  For  this  purpose  a  solution  of  caustic  soda  was  gene- 
rally employed,  although  in  the  earliest  experiments  baryta  water 
was  made  use  of.*     The  saturating  power  of  these  reagents  was 

•Berthelot  (Ann.  do  Cbim.  et  de  Pliys.  [3],  lxv.,  401)  made  nae  ouly 
of  baryta,  bis  obJectiDns  to  potaab  and  Boda  being  that  they  alwoji  contain 
carbonate,  and  tbat  their  aalts  with  organic  acida  always  have  a  more  or  Iobb 
aJkaliue  reaction.  The  lint  of  Iheae  objecttous  may  be  got  rid  of  by  keeping 
tba  solution,  freed  from  CO,  in  the  first  inatance  by  lime  vater,  in  a  number 
of  tmalt  boHles  filled  foil  np  to  their  tightly  fitting  corkn.  The  aecond  I  have 
fonnd  not  to  apply  to  the  bodiea  here  in  question.  There  is  no  doubt,  bow- 
eTer,  that  baryta  solutlou  does  present  considerable  adiantagea  in  the  greater 
ease  with  which  it  can  be  procured  in  a  elate  of  abeoluto  purity  ;  and  that 
any  carbonic  acid  which  it  may  absorb  is  at  once  eliminaled,  thereby,  bow- 


by  GoOqIc 


420  Proceedings  of  the  Royal  Society 

ucertained  by  means  of  a  very  carefully  prepared  normal  sulphuric 
acid,  containing  49  grms.  H^SO,  in  a  litre.  10  CO.  of  this  acid 
saturated  42-7  CC.  cauetic  soda,  and  418  CC,  baryta  water,  whence 
one  litre  caustic  soda  contains  9'3C77  grms.  NaHO,  and  one  litre 
baryta  water  20-450  grnjB.  BaH,0,.  10  CC.  of  the  above-mentioned 
chloracetic  acid  saturated  147  CC.  caustic  soda  and  144  CC.  baryta 

In  every  experiment  10  CC.  chloracetic  acid  solution  were  sealed 
lip  in  a  tube,  and  introduced  directly  into  the  boiling  water  bath. 
'  After  the  reaction  was  finished,  it  was  transferred  immediately  ia 
a  vessel  of  cold  water.  By  this  means  the  time  of  heating  up  to 
100°  and  of  cooling  down  again  to  the  surrounding  temperature 
was  reduced  to  a  minimum. 

The  chloracetic  acid  solution  was  prepared  in  the  middle  of  last 
November,  and  although  it  has  now  stood  at  the  ordinary  tempe- 
rature of  the  laboratory  for  over  four  months,  its  saturating  power 
has  not  changed  to  a  sensible  extent.  It  is  true,  however,  that  it 
gives  a  slight  opalescence  with  solution  of  nitrate  of  silver.  It 
appears  then  that  the  decomposition  of  monochloracetic  acid  by  a 
large  excess  of  water  at  the  ordinary  temperature  is  infinitely  slow. 

In  the  experiments  at  100"  C.  the  same  quantity,  namely,  10  CC. 
of  the  acid  solution,  was  invariably  employed.  In  the  following 
table  showing  the  results,  the  first  column  contains  the  duration 
of  the  experiment  in  hours  ;  the  second  the  number  of  CC.  caustic 
soda  or  baryta  water  required  to  saturate  the  resulting  acid,  and 
the  third  gives  the  percentage  chloracetic  acid  decomposed  as 
calculated  from  column  2.  No  fraction  smaller  than  05  is  given, 
this  being  the  limit  of  possible  errors  of  observation : — 

«Ter,  altering  the  BtreDgth  of  the  solutioD.  My  principal  objectioD  to  it  was 
its  great  tendeuc;  to  crystalliBe  aven  in  solutions  s  long  way  removed  from 
Btitnration. 


Tabt.I 
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TiBLB  I.— C^,C10,  +  164H,0  at  100°  0. 


Number  of  CC.  required  for 

DaratioD  of 

Peroentage  of 

Experiment  in 

C,H.CIO, 

Soda.                 Buyta. 

Dficompoaed. 

0 

1470 

1440 

0-0 

2 

16  55 

60 

i 

1635 

_ 

11-0 

6 

16-85 

14-5 

11 

1810 

23-0 

14 

18-80 

28-0 

16 

19-30 

31-5 

18 

1985 

350 

21 

20-30 

380 

24 

20-95 

42-5 

27 

21-35 

45-0 

30 

22-15 

'.'.          1         51-5 

33 

22  55 

535 

37 

22-95 

56-0 

43 

23-90 

62-5 

48 

24-45 

1         660 

72 

25-40        1          76-5 

96 

26-20        '          820 

120 

27-57 

87-5 

144 

28-00 

90-5 

192 

28-40 

93.0 

332 

28  95 

97  0 

430 

29-05 

97  5 

The  following  Gentlemen  were  elected  Fellows  of  the 
Society ; — 

Jambs  Qeikie,  Esq. 

Tbomab  B.  Tbobpe,  Pb.  D.,  Lectarer  on  Cliamistry  in  the 
Audersoniau  Inatitulion,  Glaegow. 
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Monday,  17th  AprU  1871. 
The  Hon.  LORD  NKAVES,  Vice-PresideDt,  in  tbe  Chair. 
Tlie  following  CommunicatioQB  were  read  : — 

1.  NoteB  on  the  Antechamber  of  the  Great  Pyramid.  Based 
on  the  Measures  contained  in  vol.  ii.  "  Life  and  Work 
at  the  Great  Pyramid."  by  C.  Piazzi  Smyth.  By  Captain 
Tracey,  R.A.  Communicated  by  St  John  Vincent  Day, 
Esq.,  C.E.,  F.R.S.E. 

In  considering  the  authority  for  tbe  division  of  tbe  sacred  cubit 
into  23  inches,  we  have,  first,  the  architectural  fact  that  the 
Queen's  chamber,  containing  the  visible  expression  of  that  cjbii, 
tttanda  in  or  upon  the  25th  course  of  masonry,  comprising  the  whole 
Pyramid.  And  here,  though  not  strictly  bearing  on  the  case,  raay 
be  mentioned  a  connection  between  the  lengths  of  the  two  pas- 
sages (the  first  ascending,  and  the  horizontal  passages)  leading  to 
that  chamber,  remarkable  when  expressed  in  inches,  of  which  25 
make  a  cubit. 

Thus,  the  length  of  the  first  ascending  passage  from  the  axis  of 
descending  passage  to  north  wall  of  Grand  Gallery  (see  p.  54, 
V.  ii.,  L.  and  W.)«  =  1544  4  B.  I.,  or  15429  inches,  of  which  25 
make  a  sacred  or  Pyramid  cubit,  and  which  for  the  future  we  will 
term  "Pyramid  inches." 

Now,  this  length  of  15429  P.  I.— 25  =  1517-9  P.  I,— is  the 
exact  length  of  the  horizontal  passage  from  north  wall  of  the 
Grand  Gallery  to  the  north  wall  of  the  Queen's  Chamber — 
E.g.,  length  of  horizontal  gallery  faee  1        icm  j  t,  t 
p.  57,  V.  ii.,  L.  and  W.,  last  lin.),     /  "  ^^^^'^  "" 
1-5 


■  In  tbia  paper  the  folloviag  abbrevi&tioDg  ore  need:  "  L.  aod  W.,' 
•■  Life  mid  Work  at  the  Great  Pyramid : "  B,  I.  =  ■■  British  Inches ;  " 
1=  "  Pyramii  Inohen  "  Pyramid  Inch=  British  Inch  x  1001. 
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the  ADtechamber,  we  find  this 
'.  (which  we  have  tinned  the  Pyramid  inch, 


But  on  entering  the  Aotechamber,  we  find  this  particular  mea- 
.„„  „_  sacred  cubit 


25 

to  avoid  expressing  that  particular  measure  of  length  by  the 
algebraical  x)  not  only  typified,  but  expressed,  and  most  notably 
in  the  granite  leaf,  whose  precise  functions  have  never  yet  been 
explained. 

For  there — on  a  stone  immediately  in  front  of  an  unmistakable 
symbol  of  division  into  five — we  find  a  raised  boss,  with  a  single 
straight  edge  exactly  y  of  a  Pyramid  or  sacred  cubit  in  length, 
and  consequently  representing  5  of  these  inches. 

The  thickness  of  this  boss  along  the  whole  line  of  5  inches  is 
exactly  J  of  that  line,  ^'j  of  the  same  cubit,  or  precisely  the  inch 
we  are  in  Bearch  of. 

Further,  the  centre  of  this  boss  is  exactly  one  inch  from  tJit- 
middle  of  the  Antechamber,  its  distance  from  either  side  beini.'^ 
195  and  215  inches  from  the  west  and  east  walls  respectively, 
and,  consequently,  it  is  one  inch  to  the  west  of  centre  (just  as  the 
niche  in  the  Queen's  Chamber,  marking  the  whole  25  inch  cubit 
by  the  breadth  of  its  fiat  top,  is  also  25  inches  removed  from  the 
central  vertical  line  of  the  wall  iu  which  it  is  formed). 

It  may  be  argued  that  all  these  expressions  of  an  inch  in  the 
Antechamber  depend  upon  the  shape  and  position  of  a  stone  that 
was  not  necessarily  placed  there  hy  the  architect  of  the  Pyramid. 

Let  us,  therefore,  seek  some  connection  with  the  grander  fea- 
tures of  the  building,  both  for  the  stone  it£elf  and  the  particular 
measure  of  length,  of  which  we  are  thus  far  led  to  consider  it  the 
standard. 

The  following  calculation  shows  that  a  line  drawn  from  the; 
angle  of  the  great  step  at  an  angle  of  26°  18',  or  parallel  to  the 
true  axis  of  the  Grand  G-allery,  passes  about  1'13  inch  below  the 
centre  of  the  bottom  of  the  upper  stone  forming  the  granite  leaf, 
or  the  one  that  bears  the  boss. 

Vol  ii.  L.  &  W.  pp.  93,  96.  B.  I. 

North  end  of  step  to  north  side  of  leaf  (omit  boss)     =  I34'3 

„  south         „  =  150-55 

2)284'85 

Distance  of  centre  of  leaf  from  north  end  of  step,  14242 
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43'7 
.    _27;75 

,,  junction  of  the  Btonee  above  the  floor,  =  Tl'45 

Now,142-4x-494,oriiat.  ton. of  (rraad  Gallery  angle,"  7032 

113  B.r. 

.'.  A  line  II  to  axis  of  Grand  Gallery,  dravn   from  -^  of  Great 
Step,  passes  113  B.  I.  below  centre  of  joint  of  leaf. 
P.  96  L.  A  W.     This  and  the  next  calculation. 

Distance  of  south  wall  of  Antechamber  froin^ofStep=  229-6B.1. 
229-6  X  -494  (nat.  tan.  Grand  Gallery  ^)  -  113-42  „ 
show  that  the  same  line  produced,  strikes  the  south  wall  of  the 
Antechamber  at  a  height  of  113-42  B.  I.  from  the  floor.  As  the 
boss  is  to  the  west  of  the  centre  of  the  room,  we  turn  to  that  side, 
and  find  that  the  height  of  the  granite  wainscot  there,  where  it 
bears  against  the  south  wall,  is  111*8  inches  or  1'62  B.  I.  lower 
than  the  spot  indicated.  But,  on  examining  the  course  of  the  axis* 
itself  of  the  Grand  Gallery  when  produced,  the  following  calculation 
shows  that  it  passes  throjigh  the  lower  stone  of  the  leaf  at  a  distance 
of  0-8  inch  below  its  centre  on  its  northern  side,  and  on  being  pro- 
duced strikes  the  south  wall  of  the  Antechamber  at  a  height  above 
the  floor  of  10402  B.  I.,  or  just  an  inch  above  the  height  of  the 
wainscot  on  the  east  side,  which  reaches  an  altitude  of  1031  B.  I. 

Thus  connecting  the  inch,  the  granite  leaf,  and  the  rest  of  the 
building  in  a  manner  that  none  but  the  original  Designer  conld 
have  introduced. 
P.  96L.  <tW. 

North  side  of  leaf  (omit  boss)  from  north  side  of  step  =  1343  B.  I. 

Height  of  bottom  of  leaf  above  1  ^^,^    ^  ^^-^  &  W  ) 
floor,  ,  .  .  (  ^    ■  ■  ■' 

One-half  height  of  lower  stone,     13*9         „ 

Height  of  centre  of  lower  stone,   57'6 

But  1343  X  -494  =  66*24 

and  axis  of  oscendingl 
passage       continued  | 
through    Grand  Gal-  V    =    9*4 
lery is 94  B.  I.  below 

^ofStept  J     f  HeightatwhichaxisofGrand 

=  56'8    =  -J  Gallery  strikes  lower  stone  on 
y  north  side, 
or  (57-6  -  56*8)  or  0  8  B.  I. 
below  centre  of  stone. 


byGooqlc 


oj  Edinburgh,  SesBt'oa  1870-71. 


104-02  =  Heightor 
true  axis  or  Grand  Gallery  above  the 


P.  74  L.  &  W.  B.  I. 

Vertical  height  of  Great     Height  of  ||  axie  =  113  42 

Step- 
East,       35-8 
Weat.     36-2 

30-    mean.         floor. 
Vertical  height  of  northern  en- 
trance to  Grand  Gallery  (p.  70 

L.&W.)is  53-2  -^^  =  26  G=height  of  axis  which  anbtraoted 

from  36-  = 

9-4  =  yertical  height  of  ^  of  Great 

Step  above  the  point  where 
the  axis  of  first  aecendiDg 
passage  passes  into  it. 

But  the  axis  of  the  Grand  Gallery,  the  most  important  line  in 
the  whole  building,  having  so  signally  pointed  out  the  importance 
of  the  lower  stone  of  the  leaf,  let  us  oxamino  it  also  in  terms  of 
the  inches  we  are  led  to  connect  so  closely  with  it.  Taking  the 
mean  of  all  the  measureB  given,  the  calculation  following  shows 
that  the  cubical  contents  of  that  part  of  the  atone  not  sunk  in  the 
grooves 


=  157  X  41  X  27-7  =  17830-5  British  inches. 

17-8 

=  17812-7 

Pyramid  inches. 

9  L.  4  W. 

Thickness—East  end  of  leaf,      . 

15-4 

„              West 

16- 

Mean, 

15-7  B.  I 

Height,    .... 

27-5 

28' 

Mean, 

27-7  B.  I 

P.  100  L.  It  "W. 

Width,  41  B.  I. — this  measure  being  taken  on  the  leaf  itself,  ami 

on  the  same  side  as  the  boas. 

Log.  15'7  =  1-1958997 

„      27-7  =  1-4424798 

,.      41-    =  1-6127839 


=  4-2511634  =  l.)g.  of  17830-5  British  inchi-s. 
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The  Ark,  or  Laver  by  theory,  and  the  Pyramid  Coffer  in  prac- 
tice, contain  7i321-25  B.  I.  =  71,250  P.  I.,  the  quarter  of  which, 
or  17812'5  Pyramid  inches  (the  volume  of  this  particular  stone), 
ia  the  Chomer  or  Homer  of  sacred  ataodard. 

The  remarkable  result  thus  obtained  induces  a  further  examina- 
tioD  of  the  position  of  this  stone. 

We  remark  that  the  base  of  this  stone  (lower  stone)  is  in  the 
same  horizontal  plane  as  three  other  well  defiued  lines  of  the  ante- 
chamber— viz.,  the  division  between  the  courses  of  the  wainscot 
on  the  east  wall,  and  the  tops  of  the  doors  in  the  north  and  south 
walls. 

It  is  to  be  noticed  that  the  refined  workmanship  of  the  granite 
wainscoting  has  been  most  fully  developed  to  the  south  of  the 
leaf. 

We  will  thus  examine  that  portion  first.  The  granite  leaf  itself 
and  the  granite  walls  mark  off  above  the  horizontal  plane  a  cer- 
tain space. 

The  dimensions  of  this  part  of  the  plane  are — 

In  length  varying  from      (1.)  790  B.I,  to  791  B.I. 
Tn  breadth  (2.)  41-2  to  41-45  B.I. 

While  at  the  height  of       (3.)  27S         to    28  B.I.  there 
ruuK  acrOEs  it  the  joint  line  of  the  leaf. 

(1.)  P.  9C  L.  &  W.— North  end  of  step  to  south  J     „    , -„„ 
side  of  leaf,  f 

W.  150-8 

Mean  150-55 
E.  229-4 
W.  229  8 

Uean  229-6 


Do.     West, 


79-1] 

229-8 

150-8  )  Mean  79-05 
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1-45 
1-2 

82-6S 

41-325  Mean. 

(3.)  P.  99  L.  &  W.~27-5 
28- 

55-5 

27-75     Mean. 

The  alreEtdy  acquired  facte  give  us  good  reason  to  look  upon  the 
25tb  part  of  the  sacred  cubit  as  an  unit  of  measure  that  may  be 
safely  used  in  at  least  the  antechamber  of  the  great  Pyramid,  and 
we  only  argne  in  conformity  with  other  teaching  of  the  Pyramid 
in  asBumJDgthat  the  volume  of  the  lower  stone  of  the  leaf  tnay 
also  be  an  unit  of  volume  for  antechamlter  cubical  measureB. 

Thus  if  we  take  the  lowest  teadinga,  a  cubical  space  of  27-5  x 
41-2  X  79'0  B.I.,  or  (1.)  89507-0  B.I.  is  marked  out;  or  (2.)  5-019 
of  our  volume  unit. 


(1.)  Log.  of  27-5  =  1-439S327 

41-2  =  1-6148972 
79-0  -. 


89507-0  =  4-9518570 
»nd  (2.)    895070  _ 

i7gao^-^°^^ 

Practically  5  volumes  of  the  lower  stone  of  the  leaf,  and  therefore 
]>^th  of  the  lower  course  of  the  king's  cliamber. 

For  that  has  been  shown  (by  Professor  Piazzi  Smyth)  equal  to 
2000  baths,  or  50  coffers,  therefore  the  space  in  the  antechamber 

Equals         ,  .  .  50  baths 

of  which  last  our  unit  represents  I 

We  have  consequently  the  Hebrew  cbomer  standing,  as  it  were, 
al.  the  end  of  a  measure  of  5  timec  its  own  capacity,  as  in  the 
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kiDg'e  chamber  has  been  found  the  cofier  in  one  GO  times  its  own 
content.  The  rest  of  the  granite -lined  chamber,  of  wiiich  the  above 
formed  part,  may  also  bo  worthy  of  consideration.  Its  leogth  miJ 
breadth  are  the  same  ae  that  of  the  portion  already  considered, 
while  its  height  is  determined  by  that  of  the  containing  waittBCots. 
Hut  these,  as  we  have  already  seen,  are  determined  by  the  heights 
at  which  the  south  wall  is  touched,  the  one  by  the  axis  of  the  (first 
ascending  passage  produced  through  tl»e)  Grand  Gallery  prolonged 
into  the  aQtecbamber,  and  the  other  by  a  line  parallel  thereto 
drawn  from  the  angle  of  the  great  step.  But  as  it  irould  !» 
evidently  giving  either  undue  weight  to  use  it  alone,  let  us  take 
(as  the  following  calculation  shows)  the  average  height  of  the  two 
—viz.,  (1.)  108-72  B.I. 

Taking  the  highest  readings  of  the  dimensioos,  we  obtain — (2.), 
10872  X  791  X  41-45  B.I.,  or  3564604  B.I.  (3.),  we  find  therein 
19  99,  &a.  of  the  units  we  have  seen  reason  to  employ,  or  bo  close 
on  20  as  to  justify  our  acknowledging  intention  in  the  size. 

(1.)— H.  of  II  axis.  .  113  47 

„    grand  gallery  axis  produced    104- 07 
2)217-54 
108-72  mean. 
(2.)  Log.  of      108-72  -  2-0363094 
79-1     =  1-8981765 
41-45  =  1-6165245 


3564604    =  5-5520104 
Minus  log.  17830-5     -  42511634 


(3.)  19-99,  &c.  =  1-3008470 

Granting  that,  we  have  another  noteworthy  connection  eetal'- 

luhed  between  the  antechamber  and  king's  chamber,  as  there  the 

volume  of  the  lower  course  baa  been  shown  (by  ProfesEOr  Smyth) 

to  equal  50  coffers,  or  200  of  our  units,  while  here  we  have  its  tenth 

part,  or  20  units  equalling  5  cofiers. 
It  will  doubtless  be  objected  that  in  one  instance  we  have  used 

the  highest,  and  the  other  the  lowest  readings  of  the  measures. 

Just  proportion  leaches  that  the  product  of  the  means  should  be 

of  no  less  value  than  that  of  the  extremes. 

Let  us  then  take  the  means  of  those  two  sets  of  numbers,  whose 

exlremes  only  we  have  been  using  heretofore,  and  employ  them  in 
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coDDecliou  with  other  dimensionB  of  that  marked  horizontal  planu 
already  alluded  to. 

ExamiDatioD  of  it  shows  that  it  ie  broadly  divided  into  two  por- 
tioDB,  by  the  leaf  roBting  on  it;  and  the  linear  meaBuies  of  the  two 
rectangleB  thus  formed  are  respectively,  the  Qorthera  one — 

(1.)  (8.) 

41-i    P.  M,  V.  3,  L.  *  W.  P.t»,V.%l,^t^W. 


{(41-45  X  2)  +  (21-  X  2)}  -    82-9  +  42  =  124-9 
and  the  Gouthem  one — 


firitiBh  inches,  36S-(> 

■36 

or  in  Pyramid  inches,  365-24 

roughly  divided  into  ^  aad  |rdB  of  No.  of  daya  in  a  year. 

The  perimeter  of  the  chamber  at  the  ceiling  (363  incheB)  had 
pointed  out  the  probability  of  oui  finding  some  of  the  external  pto- 
portionB  of  the  pyramid  repeated  here  ;  and  aa  there  we  find  the 
"year"  in  terms  of  4  cubits,  or  100  inches,  bo  here  we  have  a  "year" 
of  inches ;  and  aa  there  the  grander  and  external  year  is  intimately 
connected  with  the  height  of  the  pyramid  through  n-,  so  here  we 
find,  throngh  the  same  medium,  a  connection  with  the  length  of 
the  chamber,  a  mean  of  three  meaauren  of  which  gives  11632  for 
its  length  in  pyramid  inches,  for  taking  365*24  aa  circumference, 
diameter  =  11626. 

P.  95  L.  Si  W.— Length  of  antechamber,-116-3 

,..-8 
...-2 

Mean  11643  Btitiah  inches. 


116-32  Pyramid  inches. 


116-26  =  2-06.'54284 
'  Tliese  numbers  refer  to  pageg  of  this  Tolnme. 
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Or  an  approximatioD  to  jr,  aa  represented  by  a  "  yeat "  of  inclies 
iDarvellousIy  close  both  in  the  numberH  representiug  the  circum- 
ference and  diameter,  and  reproducing  here  the  grander  proportions 
of  the  external  form  of  the  pyramid. 

It  is  to  be  remembered  tbat  the  "  year "  of  inches  was  divided 
roughly  into  ^  and  fds,  and  the  three  BtoneB  of  the  ceiling  and  the 
thiee  cuts  on  the  wainscot  seem  to  point  to  some  important  divi- 
sion by  3. 

We  have  seen  v  playing  ho  important  a  part  in  deciding  the 
height  of  the  pyramid  and  the  length  of  the  Antechamber,  that 
we  may  at  any  rate  try  what  a  division  by  3  will  do. 

On  the  base  of  the  pyramid  the  "  year "  which  represents 
circumference  (or,  as  regards  the  height  of  the  pyramid  ir) 
was  expressed  in  units  of  100  inches.  Have  we  any  chance 
of  finding  not  circumference,  for  we  already  have  our  "year" 
of  inches,  but  diameter,  or  radius,  as  a  purely  mathematical  ex- 
pression as  regards  v,  when  expressed  in  say  the  same  terms  of 
100  inches  1 

Taking  »  as  represented  by  311-159,  &c.  Pyramid  inches,  we 
find  diameter  -i-  radius  expressed  very  closely,  as  {  and  ^  of  the 
height  of  the  antechamber  (i.e.,  149-2*). 

But  when  we  divide  «■  itself  (still  expressed  in  terms  of  fi  =  100 
Pyramid  inches)  by  3,  we  obtain  the  figures  104'72,  which  strike 
us  as  being  an  approximation  to  the  height  of  the  wunscot  on  the 
east  wall  (103'1);  but  when  we  refer  to  the  grand  gallery  axis  (to 
whose  connection  with  the  east  wainscot  our  attention  has  already 
been  drawn)  we  find  a  still  closer  approximation  (viz.,  10406  P.I.) 
to  the  expression  of-^. 

But  ^  is  a  carious  expression,  and  not  much  used  in  oaloalations 

I  am  conversant  with,  except  in  one  instance;  bnt  that  instance 
bears  on  the  case,  as  it  is  in  the  calculation  of  volume  of  spheres, 
cones,  and  also  pyramids,  the  area  of  whoso  base  is  expressed  in 
terms  of  r. 

It  may  be  advantageous  to  note  here  the  connection  between  the 
volumes  of  pyramids  and  spheres.  The  content  of  a  pyramid  is 
mathematically  expressed  thus, 
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wliere  a  =  area  of  base, 

and      h  =  height  or  pyramid. 

Bat  in  the  purely  mathematical  form  of  pyiamid  we  e 
consider 


A  =  E(  =  2  =  2),  when  V  would  eqiml—g- :  but  in  aaphere, 

volume  =  4  —       . 

So  that  in  the  caee  of  the  great  hemispherical  molten  eea,  whose 
content  =  50  lavere,  a  pyramid  of  the  same  baae  and  height  would 
contain  25  lavers,  100  homere,  or  five  of  the  largest  marked-off 
space  in  the  antechamber  whose  content  has  already  been  pointed 
out. 

This  may  certainly  lead  us  to  infer,  that  as  up  to  the  ante- 
chamber  our  measures  have  been  lineal  and  superficial ;  now,  on 
the  other  hand,  we  must  be  prepared  for  cubical  measures  with, 
perhaps,  also  some  concerning  the  content  of  spheres,  cones,  or 
pyramids. 

Commencing  our  investigation  at  the  horizontal  marked  plane 
[treTiousty  referred  to,  we  remember  in  its  m(«t  highly  finished  por- 
tion that  its  smallest  dimensions  are  790  B.  I.  and  41'2  B.  I.,  and 


^  79-OB.l.N 

(    ""'  )■ 

\12U-2  B.I.y 


here  we  may  notice  that  their  suml     41-2  1 ,  120  2  B.I.  or 

\12U-2  B.I.y 

120  1  F.I.  is  very  close  upon  the  radius  of  the  hemisphere  that 
the  presence  of  .-.  has  led  us  to  refer  lo.  The  precise  figures  stand- 
ing thus : — 

Radius  of  ^  sphere  whose  volume  =  3,562,500  P.I.  (=  lower  course 
of  King's  Chamber  -  "  Molten  Sea")  is  119371  IM. 
When  vol  ume  of  sphere  =  3562500  x  2  cubic  inches 
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Required  its  n 
Now  V.  of  Bt 


i/    7125000        log.  7125-000=  6  8527849 
4-1887902       log.  | jt  =  06220886 

=  119-371  3)6-231)6963 


119-371     -     2-0768987 
Bat  we  are  getting  on  too  fast.    Now  in  epite  of  the  preseoce  of 
V  are  we  to  suppose  the  circle  equared  practically,  aa  we  have 
imagined,  when  suggesting  that  the  area  of  the  base  of  a  square 
pyramid  might  be  represented  by  n-R*  ? 

To  seek  an  answer  to  that  question  we  must  go  back  to  that  part 
of  OUT  investigation,  where  we  bad  reason  to  believe  that  the  con- 
nection between  1163  and  365-24  was  intentionally  introduced 
as  an  exponent  of  the  relation  between  diameter  and  circumference, 
and  we  may  not  unreasonably  test  the  accuracy  of  our  deduction!^ 
by  finding  the  area  of  the  circle  there  expressed,  trusting  that  if 
we  are  working  in  the  right  direction  this  step  may  lead  to  some 
further  proof  of  its  being  so. 

But  in  BO  doing  we  should  use  the  figures  only  aa  a  guide  to  the 
tn(«i(Mm#  of  the  Great  Architect,  and  having  as  we  believe  learnt 
that  the  "  year"  of  inchea  symbolises  a  circle  of  365'256,  &c.,  w^ 
may  take  as  our  Etarting-poiDt  the  more  accurate  diameter  repj-e- 

sented  by  or  116-264  pyramid  inches. 

To  proceed. 

The  area  of  a  circle  whose  diameter  is  116264  is  10,616-65. 

This  number  in  itself  does  not  seem  peculiarly  suggestive,  but 
wlien  we  recollect  how  remarkably  both  the  east  wainscot  and 
granite  floor*  point  to  an  accurately  marked  square  of  103  Pyramid 

■  Viz.  the  eaat  naioacot,  a  fertfcal  line  108  inches  liigh,  and  uf  the  floor, 
n  special  portion  cunelructeil  in  gTiiiiite  showing  ■  horizonlal  line  lOS  inches 
long. 
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incUes  whose  area  -  10,609,  we  tbiok  we  have  advanced  in  the 
right  direction  and  shown  that  the  builder  here  places  for  our 
iustmction  and  guidance  another  practical  illustration  of  the 
importance  and  use  of  n-,  its  former  application  being  lineal,  and 
this  superficial  And  here  we  stay  to  point  out  how  these  oirtous 
proportioHB,  coincidences,  and  symbols  become  legible  when  read 
by  the  units  of  length  and  volume  supplied  by  the  architect  of  the 
pyramid  himself,  and  extant  (let  us  hope)  to  this  day  in  the  very 
spot  where  their  use  first  becomes  imperative. 

For  though  the  proportions  remain  the  same  whether  eipreseed 
in  inches,  feet,  or  metres,  they  only  become  vocal  as  it  were  when 
read  by  the  units  there  prepared  and  bung  up  near  them. 

What  should  be  the  next  step  in  the  process  of  inductive 
'  argument? 

The  sides  and  perimeter  of  thie  square  (of  1030  P.I.)  are  so 
obviously  connected  with  the  length  and  breadth  of  the  King's 
Chamber,  as  exactly  ^,  and  }  thereof,  that  a  consideration  of  the 
area  of  itt  floor  would  perhaps  he  the  nest  step,  guided  too  by  the 
admonition  we  fancy  we  have  received  on  passing  through  tiic 
antechamber,  that  cubical  and  not  simply  linear  or  superficial 
measures  should  occupy  us  in  the  chamber  ultimately  attAtned. 

With  what  results  this  has  been  done  over  the  area  of  thai  floor, 
we  already  know,  from  Taylor,  Smyth,  Petrie,  and  Day,  results  too 
BO  overwhelmingly  important,  that  though  the  tables  of  the  Law, 
written  by  the  hand  of  the  Omniscient,  have  been  lost  to  man,  we 
have  here  inscribed  by  the  great  architect  of  the  pyramid  the  very 
essence  of  all  legislation,  so  exact  and  so  scientific  in  all  its 
branches,  as  far  as  we  can  penetrate,  that  it  is  indeed  "  ennobling 
to  the  mind  of  man  to  contemplate." 

2.  Experiments  and  ObeervatioDs  on  BinocuUr  Vision. 

By  Edward  Sang,  Esq- 

{Abttracl.) 

This  communication  was  chiefly  directed  to  the  question  whether 

the  idea  of  distance  be  obtained  from  the  adjustment  of  the  eyes 

to  distinct  vision,  or  from  the  convergence  of  their  axes.     The  case 

of  the  chameUon  was  cited  as  one  in  point,  since  that  lizard 
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directs  ita  eyes  each  to  a  separate  object,  but  habitually,  when 
about  to  strike  its  prey,  brings  both  eyes  to  bear  upon  it.  Several 
experiments,  mostly  suggested  by  Wheatsooe's  inquiries,  were 
cited,  and  the  conclueion  was  arrived  at,  that,  although  the  adjust- 
ment for  direct  vision  concur  in  the  formation  of  the  estimate  of 
distance,  the  convergence  of  the  eyes  playa  the  principal  part. 

3.  Od  the  Fall  of  Rain  at  Carlisle  and  the  iieighhourhood. 
By  Thomas  BarneB,  M.D. 
In  this  communication,  the  author  offers  remarks  on  journals 
kept  by  Dr  Carlyle,  in  the  city  of  Carlisle,  from  1757  to  1783 
inclusive;  by  the  Bev.  Joseph  Golding,  at  Aikbank,  near  Wigton, 
Cumberland,  from  1792  to  1810  inclusive ;  and  by  himself  at  Bun- 
kers Hill,  tvo  and  a  half  miles  west  of  Carlisle,  which  is  situate 
184  feet  above  the  sea-level.  The  author  gave  tables  showing  tbe 
quantity  of  rain  of  each  month  and  year  included  in  these  periods. 
From  tbe  averages,  it  appears  that  about  twice  as  much  rain  falls 
in  each  of  the  latter  months  of  the  table  as  in  the  month  of  April ; 
and  about  one-third  less  rain  falls  in  tbe  first  six  months  of  the 
year  than  in  tbe  last  six  months,  and  that  April  is  the  driest  month 
of  the  year. 

4,  Mathematical  Notes.     By  Professor  Tail. 

1.  On  B  Quaternion  Integration. 

A  problem  proposed  to  me  lately  by  my  friend  T.  Steveiisun, 

C.B.,  for  constructing  what  he  calls  a  Differential  Mirror,  when 

attacked  directly  led  to  the  equation 


s.i,(^-+i!l=e)'. 


where  a  is  a  unif-vector,  perpendicular  to  p. 

By  anotlier  mode  of  solution  It  was  easy  to  see  that  the  integral 
must  be  of  the  form 

Tp  -  T(j8  -t-  aVop)  =  constant. 
It  may  be  instructive  to  consider  this  question  somewhat  closely, 
as  the  form  of  tbe  unintegrated  expression  is  certainly  (to  say  the 
leaijt)  at  first  eight  unpromising. 
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The  problem  was:  to  coDstruct  a  reflecting  suifMse  irom  which 
rays,  emitted  from  a  poiat,  shall  after  reflection  diverge  uniformly, 
but  horwmlaUtf.  Using  the  ordinary  property  of  a  reflecting  sur- 
face, we  easily  obtain  the  first  written  equation.  By  Hamilton's 
grand  "Theory  of  SyBtems  of  Bays,"  we  at  once  write  down  the 
Bscond. 

The  connection  between  them  is  easily  shown  thus.  Let  w  and 
T  be  any  two  rectors  whose  tensors  are  eqaal,  then 

l  +  2«-'  +  (.r-')» 

=  2oT-'(l+Sm--'), 
whence,  to  a  scalar  factor  pris,  we  have 


(^->- 


(J)'-'-^-- 


Hence,  putting  »  =  V(fi  +  aVap)  and  t  =  Up,  we  have  from  the 
first  equation  above 

S.dplJJp  +  UO  +  aVap)]  =  0. 
But 

d(ft+ aVap)  =  aYo4p=   -  dp  -  aSadp , 
and 

S  .  o(/3  +  aVof.)  =  0  , 

BO  that  we  have  finally 

S  .  dpUp  -  S .  d(/S  +  a\ap)V(fi  +  aVop)  -  0  , 

which  is  the  differential  of  the  second  equation  above.  A  curiouB 
particular  case  is  a  parabolic  cylinder,  as  may  bo  easily  seen 
geometrically.  The  general  surface  has  a  parabolic  section  in  the 
plane  of  a,  0 ;  and  a  hyperbolic  section  in  the  plane  of  0,  a0. 

It  is  easy  to  see  that  this  is  but  a  single  case  of  a  large  class  of 
integrable  scalar  functions,  whose  general  type  is 

the  equation  of  the  reflecting  surface;  while 

S(9-  -  p)d<r  =  0 
is  the  equation  of  the  surface  of  the  reflected  wave:  the  integral 
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of  the  former  equation  being,  by  tbe  help  of  the  latter,  at  once 
obtained  id  tbe  form 

Tp  +  Tt*-  -  p)  =  conetant. 

2.  On  the  Ovahi  of  Descartes. 
The  following  reeults  weie  obtained  lately  while  I  wae  consider- 
ing how  moat  simply  to  describe  by  working  sections  suiraces 
analogous  to  that  treated  in  the  preceding  note.  They  are  so 
elementary  that  it  is  not  likely  that  they  can  be  new,  hut  as  they 
are  novel  to  myself,  and  to  several  mathematicians  whom  I  bava 
consulted,  I  bring  them  before  the  Society : — 


Let  two  coplaoar  circles  be  described,  with  centres  A  and  B. 
Take  any  point,  C,  in  the  line  of  centres,  and  draw  a  line  CPQ, 
cutting  the  circles  in  P  and  Q.  Find  the  locus  of  R,  tbe  inter- 
section of  AP  and  BQ. 

Expressing  that  CPQ  is  a  straight  line,  we  have,  if  9  and  ^  be 
the  angles  at  A  and  B  respectively, 

APein  tf       _  BQein  (^ 

APcostf±AC~       BC±BQcoB.^' 

AP  .  BO  sin  «  =fc  AC .  BQ  Bin  ^  =  ±  AP   BQ  Bin  (tf  +  ^) , 

which,  by  Bubstitnting  the  sides  of  ABB  for  tbe  sines  of  the  angles 
opposite  tbem,  becomes 

AP.BO-BS±AO.BS- AR  =  ±AP.BQ.  AB (Ij 

which  is  the  general  eiuation  of  Cartesian  Ovals. 
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Wheo  AP  '  BC  =  AC .  BQ  the  curve  becomes  an  ellipse  or 
hyperbola.     Of  this  the  simplest  cose  is 

AP  =  BQ,  BC  =  CA. 

The  normal  at  B  is  in  all  cases  parallel  to 

AP .  BC  -  TJ(BE)  ±  AC .  BQ .  U(AB) , 

because  we  have 

d . AE  =  d . BR . 

Bat  the  general  equation  (1),  on  account  of  the  identity 

AP.BC.BQ±AC.BQ.AP  =  ±AP-BQ.AB, 

may  be  written  more  simply,  aa 

AP .  BC .  EQ  -  AC .  BQ .  PR  =  0 , (2) 

a  very  singular  and  snggestive  form ;  holding  true,  as  it  does,  fur 
all  four  points,  B,  E',  E',  R'",  in  the  figure. 
Hence  the  normal  is 

U(BR)      U(AB) 
RQ  PE    ' 

which  may  be  constructed  by  drawing  at  E  a  tangent  to  the  circle 
circumscribing  the  triangle  PQR.  When  the  curve  is  a  conic  this 
line  is  parallel  to  GPQ,  because  by  the  condition  above  we  have  in 
this  case 

BQ=  PE. 

Of  course  the  mode  of  tracing  here  adopted  is  at  once  capable  of 
being  effected  mechanically. 

The  results  above  are  easily  derived  from  the  general  equation 
of  Cartesian  Ovals 

erdreV  =  a, 
by  writing  it  in  the  form 

and  showing  from  this  that  QP  cuts  AB  in  a  fixed  point. 

But  by  a  purely  quaternion  process  it  is  easy  to  give  in  a  very 
simple  form  the  equation  of  the  locus  of  R  when  Gisnotin  the  line 
AB.    Let  GA,  CB,  CB  be  denoted  by  n,  jS,  p  respectively,  and  let 
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AP  =  a,  BQ  =  6.  Then,  by  expressJDg  that  CF  and  CQ  coincide 
in  dicection,  ne  have  at  once  the  equation 

V  .  [a  +  aD(p  -  «)]  [j3  +  tUO  -  i8)]  =  0  . 

in  which  the  above  reaults  are  included  as  a  very  particular  case, 
and  whose  geometrical  interpretation  is  elegant.  It  is  a  mere 
Scalar  equation,  Binoe  Vn^  U  a  factor  of  the  left  side,  and  may  be 
omitted. 

Added,  May  ilh,  1871. — I  have  just  been  informed  by  Professor 
Cayley  that  the  above  results,  so  far  as  they  concern  the  Cartesian 
Ovals,  are  to  be  fouad  (some  actually,  some  virtually)  in  Cbaslea' 
Apergu  Siitorique,  a  work  of  which,  to  my  great  regret,  I  have 
never  been  able  even  to  see  a  copy. 

The  following  (Jentleman  was  elected  a  Fellow  of  the 
Society : — 

John  Skith,  M.D.,  F.R.C.S.E. 


Monday,  Ut  May  1871. 
De  OHBISTISON,  ProBidont,  in  the  Chair. 
Tlie  following  Communications  were  read : — 

1.  Od  the  remarkable  Annelida  of  the    Channel  lelands, 
&c.    By  W.  C.  M'Intoah,  M.D. 

The  extraordinary  richness  of  the  littoral  region  and  the 
deeper  water  surrounding  Guernsey  and  Herm,  as  well  as  the 
marked  southern  character  of  many  of  the  Annelidan  types,  formed, 
for  instance,  an  excellent  comparison  with  the  ample  series  of 
specimens  which  the  dredgings  of  Mr  Jeffreys  in  the  Siietland  seas 
had  lately  brought  before  us ;  or,  again,  with  the  valuable  collec- 
tions procnred  during  the  expeditions  of  the  "Porcupine,"  in  1869 
uid  1670,  the  former  chiefly  from  the  Atlantic,  the  latter  from  the 
same  region  and  the  mediterranean. 

The  object  of  the  present  pt^>er  is  to  give  a  short  notice,  chiefly 
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of  the  etmctnral,  or  other,  peculiarities,  of  the  remarkable  Nemer- 
teans  and  Annelids  found  in  this  expedition,  and  of  certain  in- 
teresting questions  in  zoology  connected  therewith. 

Amongst  the  Nemerteans  is  the  cnrioua  Ommatoplea  ^elahilii  of 
Be  Quatrefages,  a  species  of  much  interest,  in  so  far  aa  its  discoverei 
stated  that  it  was  furnished  with  a  peculiar  homy  pectinated 
structuTe  in  its  proboscis.  Careful  examination  showed  that  the 
latter  has  a  strictly  Ommatuplean  anatomy,  the  longitudinal  hands 
of  the  reticulated  layer  of  the  pinkish  organ  being  very  apparent 
In  Prosorhockmiu  elaparedii,  Keferstein,  the  granules  of  the  exter- 
nal circlet  of  glands  round  the  stylet-region  of  the  proboscis  are 
unusually  large  and  distinct.  The  granular  basal  sao  of  the  central 
stylet  is  of  a  peculiar  shape,  haTiog  a  straight  border  and  sharp 
angles  posteriorly,  and  obtuse  angles  at  the  sides  anteriorly. 
The  pale  setting  of  this  apparatus  is  comparatively  limited  in  bulk ; 
and  the  curved  fibres  of  the  region  behind  the  latter  pass  out- 
wards and  forwards  in  a  very  distinct  manner.  The  development 
of  the  ova  in  the  bodies  of  the  females  of  this  viviparous  species  is 
very  similar  to  that  of  the  free  ova  and  their  products  in  other 
Ommatopleans,  space  being  formed  for  the  growing  embryos  by  the 
enormous  dilatation  of  the  ovisacs,  Indeed,  the  larger  young  speci- 
mens, which  are  often  doubled  within  the  body  of  the  parent, 
appear  to  be  in  cavities  produced  by  the  coalescing  of  many  ovisacs ; 
at  any  rate,  it  is  clear  that  to  describe  them,  as  former  authors  have 
done,  as  simply  within  the  body-cavity  of  the  vrorm,  is  wanting 
in  structural  accuracy.  It  seems  to  he  a  further  stage  of  the  type 
of  development  observed  in  Nemertts  eaTcinophHai,  £oIliker 
(Folia  involula,  Van  Beneden),  in  which,  after  the  deposition  of 
the  majority,  a  few  are  left  in  the  body  of  the  parent  for  subse- 
quent evolution.  A  still  more  remarkaMe  Nemertean  is  the 
Borlasia  elisahelhce,  If'I.,  froDi  Herm,  a  large  species  with  a 
pointed,  eyeless  snout.  In  this  form  the  powerful  muscular  layers 
of  the  body-nail  are  tinted  of  a  fine  reddish  hue,  so  that  the 
resomblaDce  in  this  respect  to  the  muscles  of  the  higher  animals  is 
striking.  The  prohoecis  is  extremely  slender  in  proportion  to  the 
bulk  of  the  animal,  and  its  muscular  walls  are  comparatively  thin. 
A  reddish  coloration  was  frequently  observed  in  the  living  animal 
at  the  white  belts,  showing  that  some  contained  fluid  tinted  the 
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cutaneous  tissues  during  its  pass^e.  On  puncturing  the  ewoUen 
anterior  end,  a  copious  exudation  of  a  reddish-brown  fluid  occurred. 
This  presented  many  fusiform  and  clavate  corpuscles,  probably 
from  the  proboscidian  fluid ;  but  there  were  also  a  vast  number  of 
minute  granules,  of  a  yellowish  colonr  hy  transmitted  light,  though 
reddish  in  mass,  which  doubtless  belonged  io  the  blood-proper. 
Many  of  the  latter  bodies  showed  a  contraction  in  the  middle,  so 
as  to  resemble  the  outline  of  a  figure  of  eight. 

In  regard  to  the  Annelids  Proper,  it  b  found  that  the  northern 
Aphrodita  aeultata  and  Latmtmice  fiUcomii,  Khg.,  are  replaced  by 
the  southern  Sermxone  Ay sfrtx,  which  occurs  ia  great:  abundance  in 
water  from  10  to  20  fatbomH  in  depth.  Amongst  the  Polynoidae, 
P.  areolafa,  Grube,  is  remarkable  in  having  greatly  swollen  cirri. 
The  dorsal  bristles  are  not  very  robust,  while  the  ventral  are  in 
two  seta,  if  the  ends  alone  are  viewed,  but  form  a  regularly  dimi- 
nishing series  from  the  dorsal  to  the  ventral  surface  as  regards 
length  of  tip.  The  scales  are  boldly  aieolated.  In  this  species 
there  is  a  series  of  well-marked  circular  muscular  fibren  towards  the 
outer  half  of  the  vertical  coat  of  the  proboBcis.  The  new  ffar- 
mothoe  marphj/ms  accompanies  Marphyia  tangvinea  in  its  tube. 

The  remarkable  forms  of  the  Phyllodoeida  and  Setionidte ;  the 
great  abundance  of  the  Nertida,  and  the  usee  of  the  latter  as  bait, 
were  next  detailed. 

The  representatives  of  the  Eunicidie  are  very  plentiful.  Besides 
the  gigantic  Marphyta  Bonguinea,  there  occur  Marphyia  belli, 
Eunice  harastii  or  norvegiea.  and  Eunice  g(^ica.  The  allied  forms 
Lysidice  ntnetfa  and  Blainvillea  filum  are  also  abundant,  and 
impart  a  character  to  the  fauna  of  the  region.  The  same  may  he 
said  of  Prionogfiathua  Ke/enteini  and  Staurocephaltu  rubroi^taUu. 

Chcelopterut  norvegicut  and  other  phosphorescent  Annelida  were 
then  examined,  and  the  facts  observed  in  these,  as  well  as  in  other 
luminous  invertebrates  were  shown  to  give  no  support  to  the  Abyssal 
Theory  of  Light  ae  expounded  in  the  "  Beport  (1869)  of  H.  M.  ship 
'  Porcupine.' " 

The  structure  and  habits  of  the  Annelida  frequenting  muddy 
ground  in  the  Channel  Islands,  and  the  examination  of  those  and 
other  marine  invertebrates  elsewhere,  exhibited  grave  objections  to 
another  theory,  lately  brought  forward  by  Dr  Oaipenter  ("  Porcu- 
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pine"  B«port  for  1870),  viz.,  that  the  barreDneBB  of  the  deeper  patte 
of  the  Ueditenanean  is  due  to  the  tuibidity  (from  mud)  of  the 
bottom-water. 


2,  Note.  On  the  Use  of  the  Scholastic  Terms  Vetus  Logica 
and  Nova  Logica,  with  a  Bemark  upon  the  correspoDdiog 
Terms  Anttqui  and  Modemi.  By  Thomas  M.  Lindsay, 
M.A.,  Examiner  in  Philosophy  to  the  University  of  Edin- 
burgh. 

During  the  earlier  part  of  the  middle  ages,  or  until  the  middle 
of  the  eleventh  century,  students  of  logic  bad  a  very  incomplete 
knowledge  of  the  logical  works  of  Aristotle.  Tbey  koew  the  trans- 
latioDB  which  Boethiua  had  made  of  Porphyry's  t^urayuyi],  of  Aris- 
totle's vtfH.  Karfyopuuf,  and  of  his  vt/K  Ipiajvtiw,  and  they  knew  little 
else.  Their  labours  did  not  go  beyond  the  reproduction  of,  and 
commenting  on,  these  old  Greek  writings. 

Towards  the  beginning  of  the  twelfth  century,  however,  the 
gradual  diffusion  of  knowledge  had  brought  with  it  acquaintance 
with  the  remaining  treatises  of  Aristotle's  Organon.  The  old  trana- 
latioQB  of  Soethius  were  recovered,  and  new  translations  were  made. 
We  are  told  that  "  Jacobus  Clericus  of  Venetia  translated  from 
Greek  into  Latin  certain  books  of  Aristotle,  and  commented  on 
them,  namely,  the  Topica,  the  Analytics  Prior  and  Posterior, 
and  the  Elenchi,  although,"  adds  the  chronicler,  "  an  earlier  trans- 
lation of  these  same  hooks  may  be  had."*  This  was  in  1128  a.d. 
It  is  more  than  probable  that  BosceliiDus,  who  flourished  1060- 
1100,  knew  more  of  Aristotle's  writings  than  the  treatises  on 
the  Categories  and  on  Interpretation.  Abelard  (b.  1079 — d.  1142) 
must  have  known  the  greater  part  of  Aristotle's  Organon,  and  John 
of  Salisbury  (who  died  1180),  we  know,  knew  the  whole  of  it. 

Hence,  whereas  at  the  middle  of  the  eleventh  century  the  know- 
ledge of  Aristotle  was  confined  to  acquaintance  with  the  two  first 

*  "  Jacobus  Clericus  de  Vonctia  traiutulit  de  grssco  in  latiDum  quoadam 
libioa  AriBkitelifl  et  commentslDS  est,  ecilicel  Topii^a,  Anal,  priores  et  poiteriores 
et  Elenclios,  quamvia  antiqnior  traualiLtia  super  eosdem  libros  Ijabeietur." 
Bobert  de  Uoute  Chronica  ad  Ann.  1128,  in  Periz,  Honament.  viii.  4SQ. 
Quoted  from  Piantl,  OeBchicbte  der  Logik  ii.  p,  9S. 
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books  of  the  Organon,  along  with  the  Introduction  of  Porphyry, 
at  the  middle  of  the  twelfth  century  there  were  two  distinct  aourcea 
of  knowledge  of  Aristotle's  opinions  on  Logic — that  derived  from 
the  "old"  tradition  from  the  books  on  the  Categories,  and  on  In- 
terpretation, and  from  the  Introduction  of  Porphyry,  and  that 
derived  from  a  "new"  tradition  from  recovered  translations  made 
by  Soethius  of  the  Prior  and  Posterior  Analytics,  of  the  Topics  and 
of  the  book  ou  Fallacies,  and  from  new  translations. 

This  new  tradition  was  looked  upon  with  considerable  mistrust 
by  several  of  the  steady  going  old  schoolmen.  It  disturbed  tbeir 
view  of  logic.  They  had  constructed  a  very  fair  well-ronnded  system 
from  the  material  supplied  by  the  old  tradition.  It  had  been  suffi- 
cient for  tbem  then,  and  they  wanted  nothing  new  now.  Even 
supposing  that  these  new  treatises  were  Aristotle's,  they  would  not 
admit  them  to  be  logical,  or,  if  they  went  so  far,  they  would  not 
allow  them  to  have  any  real  importance.  The  old  doctrine  had 
done  very  well  for  them  and  tbeir  fathers  before  them,  and  it  might 
serve  every  one  else.  They  sawno  needforany  change.  Ontheother 
hand,  more  enterprising  students  were  vastly  taken  with  these  new 
treatises,  and  found  that  they  contained  Aristotle's  real  logic.  Tbey 
revealed  to  them  the  doctrine  of  the  syllogism,  and  its  application 
in  demonstrative,  probable,  and  fallacious  material  of  knowledge. 
The  new  tradition  was  Logic,  the  old  not  more  than  an  introduction, 
even  if  worthy  of  that  place. 

When  we  consider  that  logic,  with  all  its  verbal  niceties,  was 
more  studied  tliau  anything  else  in  these  days,  we  Sud  in  the  very 
fact  of  these  two  different  traditions,  and  the  two  ways  of  accepting 
tbem,  all  the  elements  for  a  severe  and  widely  extended  quarrel : 
and  the  quarrel  soon  arose.  On  the  one  side,  the  zeal  shown  in 
studying  and  commenting  upon  these  new  treatises  was  wholly 
attributed  to  the  love  of  novelty,  and  the  new  opinions  concerning 
logic  and  its  sphere,  which  were  coming  into  fashion,  were  set  down 
&a  due  to  a  restless,  shallow,  moilem  spirit.  The  logic  of  the  new 
tradition  was  called  the  "Nova  Logica,"  and  those  who  advocated 
it,  "  Moderni."  On  the  other  hand,  the  Moderni  thought  that 
their  opponents  were  prejudiced  against  their  opinions,  simply 
because  they  were  not  the  old  ones,  and  they  despised  them  as  old 
world  thinkers,  who  had  not  the  breadth  of  view  required  to  accept 

DiqitlzscbyGOOqlC 


of  Edinburgh,  Session  1870-71.  443 

aoythiDg,  however  good  in  itself,  wliich  differed  from  their  old 
theories.  Tbey  called  the  logic  of  the  old  tradition  the  "  Vetttt 
Logiea,"  and  its  upholders  "  Antiqui." 

Now,  cnrioualy  enough  these  terms  had  been  applied  half  a  cen- 
tury before,  and  in  a  very  different  manner.  When  Boscellinua  had 
startled  the  orthodos  world  by  saying  that  universals  were  only 
"flatus  vocis,"  and  had  drawn  many  heretical  concluatons  in  logic 
and  in  theology,  from  this  doctrine,  his  opponents  said  that  he  was 
the  author  of  a  "  new  "  kind  of  logic,  and  called  his  followers 
"  moderni."  The  "  old  "  logic,  of  the  days  of  Roscellinus,  treated 
logic  from  a  realiat  point  of  view,  the  "  new  "  logic  treated  logic 
from  a  nominalist  point  of  view  (so  far  as  the  words  "  realist "  and 
"  nominalist "  can  be  used  with  accuracy  of  any  doctrine  at  this 
early  period  of  scholasticism).  The  Antiqui  of  the  time  of  Ros- 
cellinus became  realists  in  the  time  of  Thomas  of  Aquino,  and 
the  "moderni "  were  the  nominalista  of  later  days. 

Here  then  we  have  a  confusion  in  the  terminology,  on  the  one 
hand  VetuB  Logiea  meant  the  introduction  of  Porphyry,  the  trea- 
tUee  on  the  Categories,  and  on  Interpretation ;  Nova  Logiea,  the 
Prior  and  Posterior  Analytics,  the  Topics  and  the  book  on  Falla- 
cies ;  Antiqui,  those  who  thought  that  Logic  Proper  was  contained 
in  this  Yetus  Logiea;  Kodemi,  those  who  thought  that  this  Nova 
Iiogica  was  the  true  Logic.  On  the  other  hand,  Vetus  Logiea 
meant  logic  treated  from  a  realist  point  of  view ;  Nova  Logiea, 
logic  treated  from  a  nominalist  point  of  view;  while  Antiqui  and 
Moderni  corresponded  very  much  to  the  latter  terms  of  Bealist 
and  Nominalist. 

This  confusion  does  not  really  last  throughout  the  period  of 
Scholasticism.  The  meaning  of  the  terms  did  fluctuate  somewhat, 
as  all  terms  do,  but  upon  the  whole  they  preserved  a  great  uni- 
formity of  meaning.  "  Vetus "  and  "  Nova  Logiea,"  became 
dissociated  from  "  Antiqui "  and  "  Moderni,"  with  which  they 
were  at  first  so  closely  united,  and,  curiously  enough,  while  the 
one  set  of  terms  kept  to  one  of  their  primitive  meauings,  the  other 
set  kept  to  the  opposite  meaning.  "  Tetne  "  and  "  Nova  Logiea  " 
were  used  of  divisions  of  Aristotle's  Organon ;  while  Antiqui  and 
Moderni  became  more  or  less,  though  never  quite,  equivalent  to 
Bealist  and  Nominalist. 
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"  Vetus  Logica,"  from  the  middle  of  the  twelfth  down  to  the 
begiDDiDg  of  the  sixteenth  centnry,  meant  the  logic  tsnght  in  the 
tWyur)^  of  Porphyry,  and  io  the  irtpi  KixnjYopiaa'  and  the  ■npi 
ipfoprtioi  of  Aristotle. 

"  Nova  Logica,"  during  the  same  period,  meant  the  logic  of 
Aristotle  B  iyaXvTiKa  irpoTcpa,  ivaXvruta,  {xrrtpa,  roiruca  and  irtpi 
■ro^ioTUM'  iXtyx""-  l^his  is  the  almost  invariable  scholastic  use  of 
the  terms.     Any  other  is  accidental  and  variable. 

Now,  this  assertion  is  made  against  the  greatest  authority  in 
the  history  of  scholastic  Iiogic,  Professor  Frantl  of  Munich,  whose 
"G-eschichte  der  Logik  im  Abendlande,"  is  one  of  the  most  tmat- 
worthy  and  laborious  efforts  in  historical  research.  Dr  Prantl 
recognises,  as  every  one  must  do,  that  the  meaning  given  here  to 
"vetus"  and  "nova  logica"  was  one  of  the  principal  scholastic 
nses  of  the  terms,  and  every  quotation  to  he  made  from  logical 
treatises  in  support  of  our  viow  of  the  question  appears  in  his 
notes,  hut  he  seems  to  think  that  the  expressions  retained  their 
relation  to  the  names  "  Antiqui "  and  "  Modemi,"  and  that  any 
signification  which  belongs  to  them  apart  from  these  names  is 
entirely  snhordinate.  He  connects  the  term  "  Nova  Logica  "  with 
the  partly  grammatical,  partly  logical  additions  to  the  doctrine 
which  first  became  popular  through  the  Summuln  Logicales  of 
Petms  Hispanus ;  *  he  makes  it  occupy  the  middle  place  between 
the  "  old  "  logic  and  the  "Ars  Magna"  of  Raymond  Sully;  and 
he  has  proved  by  a  quotation  from  a  dialogue  in  that  curious  and 
amusing  Manuale  Scholarium  or  Medieval  Students'  Guide-book, 
given  in  Zarnacke's  Deutschen  Universitaten  im  Mittel&lter,  that 
wlien  the  Antiqui  were  hard  pressed  by  the  Modemi,  they  always 
retired  on  the  "  Vetus  Logica"  as  their  stronghold,  f 

*  Prantl  believes  that  this  addition  to  logic  is  ia^  to  n  BjzRnlJaD  inflDeace, 
and  therefore  belieTes  that  the  Summulae  of  Petrns  HispaDtis  is  almost  a. 
Latin  tranatation  from  the  Greek  of  Psellns.  Sir  W.  Hamilton  and  many 
other  autliuritiea  refuse  to  admit  this  Bjsantian  influence,  and  hold  that  the 
Otet'k  work  of  Paellas  ia  a  copy  or  translation  from  the  Latin  of  Fetrus 
Hispanus.  Prantl,  Oeich.  der  Logibr.,  it.  p.  204.  SainiVfan  iNieiM.  2nded.. 
p.  276. 

t  G,  IT.  Da  altricatione  viBrura  et  disciplinaram. 

CamUlm.  Huno  magiatram  ta  quad  ad  c<eluin  attnliate  tamen  modamns 

Bartoldiu.   Quid  turn? 
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It  ie  Dot  to  be  eupposed  that  two  names,  especially  wheo  embo- 
died in  Buch  vague  words  as  "  old  "  and  "  new  "  ehoald  have  pre- 
served the  same  invariable  meanings  in  every  writer  during  a  period 
of  three  centuries.  We  may,  therefore,  admit,  without  prejudice 
to  our  statement,  that  the  terms  "  Vetus  "  and  "  Nova  Logica  "  did 
bear  those  Bignifications  which  Frautl  gives  to  them,  and  did  pre- 
serve a  more  or  less  continuous  connection  with  the  terms 
"  Antiqui  "  and  "  Moderni."  Bat  it  may  be  proved  that,  from 
about  the  middle  of  the  twelfth  century  down  to  the  middle  of  the 
fifteenth  at  least,  the  first  meaning  which  the  term  Veltu  Logiea 
would  BUf^st  to  a  mediteval  student  was  "  the  logic  treated  in  the 
Predicables  of  Porphyry,  and  in  the  Categories  and  De  Interpre- 
tatione  of  Aristotle  ;  "  while  the  first  meaning  suggested  by  the 
term  Nova  Logica,  was  "  the  logic  treated  in  Aristotle's  Prior  and 
Posterior  Analytics,  his  Topics,  and  his  book  on  Fallacies." 

This  may  be  directly  proved  from  the  quotations  which  Prautl 
bim^elf  gives. 

Lambert  of  Auserre,  who  lived  in  the  middle  of  the  13th 
century,  eays,  "  Logica  traditur  in  omnibus  libris  logicie,  qui  sunt 
sex,  sc.  liber  pnedicamentorum,  liber  Peryermenias,  qui  nunc  dicnn- 
lur  vetw  logica,  liber  Priorum,  Posterionim,  Thopicomm  et  Elen- 
cbomm,  qui    qaatuor    dicantur    nova    logiea." — Cf.    Prantl,    iii. 


Cam.  HihJl  ab  ec  deinceps  nadiam. 

Bart.  Eo  Btultior  ei,  ai  doctrinam  despjcis.  Nam  noDtoluiiiTealJatnTeniin 
etiam  moderoi  magnam  partam  philoaopbia  consecati  sunt. 

Om.   8ed   Tarsantur  ID  BophiamatibuB   tanlum,  veram   doctrinam  aaper- 

Bari.  Offeodia  veritatem,  nam  erndieaimi  viri  topeiinatur  iqter  raodetaoa. 
Nonne  audiali,  in  quibusdam  terrje  eoa  possidera  integraa  universitatea? 
at  VieDun  Erfordite,  utqiie  quondam  hie  erat.  Nonns  arbitraria,  doctoa  hie 
bonoaqne  fuiaae  ?    Et  Dostro  aevo  adhuc  rei^riuntur  ? 

Can.  Scio  quidem  et  iateltigo,  aed  fama  corum  parva  eat.  Elaborant  solum 
M  parvit  logUMlnu  et  sophiBmaticia  opiDionibas. 

Bart.  Non  Tpcte  intelligia.  nam  clari  annt  in  ennnciationibaa  et  ayllogigmii. 
Nod  reperiea  attinm  studiodoa,  qai  ayllogiamos  ceteiasque  apeciMi  argumf  dU  - 
tionia  faoiliua  noscant  quam  moderni. 

Cam.  Et  in  vera  acientia  nibil  gciuut 

Bart.  Qaam  mihi  facia  veram  acienciam  ? 

Cam.  Prtdicabitia  Pmphi/rii,  ealhrgoriiu  .Arisloltlii.  in  qnibns  ftut  pnrdrn 
imveaiitftntnihil-p.  11,  12. 

VOL.  VII.  3  o 
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Duns  ScotuB,  who  died  in  1308,  caliB  SyllogiBtic,  ».e.,  the  Prior 
and  Posterior  Analytioa  and  the  Topics,  the  "Nova  Logica," 
and  the  Categories,  with  the  De  Interpretation e,  the  "  Vetus 
Logica." 

In  the  14th  century  we  have  commentariea  Super  Veterem  Artem, 
e.g.,  by  Antonius  Andreaa,  by  Walter  Burleigh,  and  by  Gratiadei 
of  Aecoli  (EBOulanus,  aa  he  ie  commonly  called),  and  these  are  in- 
variably expoaitionB  of  tlie  Predicables  of  Porphyry,  the  CategorieB, 
and  the  De  luterpretatione  of  AriBtotle. 

EBCuIanuB  (d.  1341)  saya  plainly,.  "  Ars  autein  nova,  quaa  tota 
versatur  circa  ratiocinationem,  oportet  quod  dietingnatur  secundum 
diveraam  conaiderationem  eiua ;  potest  autein  ratiocinatio  dnpli- 
citer  conaiderari,  uno  quidem  modo  simpliciter  sine  applicatione  ad 
materiam  aliquam,  et  alio  modo  considerari  potest  cum  applicatione 
ad  materiam  specialem.  De  ratiocinatio  quidem  anmpta  in  aua 
comitate,  agitur  in  libro  priorum,  Bed  ratiocinatio  sumpta  cum 
applicatione  ad  materiam  specialem  diEtinguitur ;  quia  aut  appli- 
catur  ad  materiam  demonstrativam ;  ac  sic  agitur  de  ipsa,  in 
libro  posteriorum ;  aut  etiam  applicatur  ad  materiam  dialecticam. 
In  materia  autem  dialecticam  poteat  fieri  ratiocinatio  recta  et 
ratiocinatio  sophistica.  De  ratiocinatione  recta  agitur  in  libru 
topicorum ;    et  de    ratiocinatione    sophiatica    in    libro    elencbo- 

Tbere  is,  however,  auother  aouree  of  evidence  wbich  Prautl  has 
not  in  this  reference  carefully  investigated — the  regulations  and 
decrees  of  the  universities.  When  any  term  whatever  is  found  in  a 
university  decree,  we  may  take  it  for  granted  that  its  signiGcation 
there  was  the  standard  one  for  the  time  being,  and  when  we  find 
the  same  terms  occurring  in  the  regulations  of  almost  all  the 
principal  universities  with  the  same  meaning,  we  are  warranted  in 
adopting  that  meaning  as  the  real  signification  of  the  term. 

These  terms,  "  Vetus  "  and  "  Nova  Logica,"  are  frequently  found 
in  the  regulations  of  the  mediaeval  nniversitiea,  and  they  invari- 
ably mean  the  logic  taught  in  the  first  two,  and  the  logic  taught  in 
the  last  four,  of  the  treatises  of  the  Organon. 
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Thus  as  early  as  1215*  the  etadents  of  Paris  University  are 
commanded  to  read  the  books  of  Arisfntle  on  Logic, — both  the 
"  Vetna  "  and  the  "  Nova  Logica." 

Id  1309  we  find,  among  the  Statuta  CoUegii  CluniaceDais,  a 
statute  concerning  Bcholara  studying  philosophy,  in  which  students 
are  told  to  work  at — first  the  Summulse  in  the  college ;  then  the 
YetDE  Logica;  and  lastly  the  Nova  Logica,  either  in  the  college 
or  oateide.f  This  passage  is  important,  because  it  shows  that  the 
Snmmulie  are  not  part  of  the  Nova  Logica ;  elsewhere  Summulists 
are  diBtinguished  from  Logicos. 

Id  1366,  at  the  reformation  of  the  Faculty  of  Arts,  it  is  ordained 
that  etudents  attendiog  lectures  in  this  faculty  read  the  whole  of 
the  vetu»  an,  four  books  of  the  Topics  and  the  books  of  the 
Eleuchi,  the  Prior  or  the  Posterior  Analytics  completely,  and  the 
)Kx>kB  De  Anima  in  whole  or  in  part.} 

In  the  munimenta  of  the  UDiversity  of  Oxford,  published  by  the 
Master  of  the  Bolls,  we  have  many  refersDces  to  the  vetus  and 
nova  logica;  and  in  all  cases  the  reference  is  evidently  to  books  of 
Aristotle's  Organon.§ 

Thus  Artietfe  are  told,  in  1340,  that,  before  they  can  "incept" 
ID  arts,  they  mast  first  have  sworn  that  they  have  read  two  logical 
books  at  least,  one  of  the  vetus  logica,  ODd  the  other  of  the 
D  ova.  II 

In  the  munimenta  of  the  University  of  Glasgow,  of  the  date 
1460,  or  thereabout,  we  find  it  enacted  in  the  regulations  about 
readiug  in  logic— "Ordinariavero  audienda  BUDtbsec;  primus  sc. 
in  Veteri  Arte  liber  universalinm  Porphyrii,  liber  Fredicamentorum 
Aristotelis,  duo  libri  Peri  Hermeneias  ejusdem.  In  Nova  Logica 
iluo  libri  prioram,  duo  posteriorum,  quatuor  ad  minus  Topicorum, 
■c.  primus,  aecnndus,  sextus,  et  octavus,  et  duo  eleuchonim.  .  .  . 
Item  andiaDtnr  libri  extraordiDarii  ...  in  logica  textns  Petrus 


•  BnlMU.  Hist  Univ.  Paris,  iii.  p.  82. 

t  Ibid.,  IT.  p.  122. 

X  Item  qnod  andiamnt  Teleiem  Artam'totam,  libmm  Topiooram,  quoad  i 
libros,  et  tibroa  Elenchonim,  Friornm  aat  Poateriomm  complete;  etinm 
libmm  de  Anima  in  tota  vel  in  parte.— ilul.  Silt.  Unie.  Parii,  iv.  890. 

\  UnDimenta  Acad.Oioii.  126,  417,  422.     Edited  by  Anstey. 

\  Ibid.,  142,  cf.  242,  28a. 


byGooqlc 


448  Proceedings  of  the  Boyal  Society 

HittpanuB  CUDC  syncathegorematibuB,  tractatus  de  distribntioiiibuH 
liber  aex  principiorum."  • 

This  refeience  is  important,  becauBe  it  places  those  grammatico- 
logical  treatises,  which  gave  a  distinctive  character  to  the  logic  or 
the  inodenii,  outside  of  the  "  nova  logica." 

In  the  Liber  Decanorum  of  the  UniTccsity  of  Prague,  the  Velvi 

an  Aristotetit  is  always  kept  separate  from  the  hooka  of  the  Prior 

and  Posterior  Analytics,  the  Topics,  and  the  book  on  Fallacies;  f 

and  this  division  is  elsewhere  referred  to  as  that  of  "  VetuB  "  and 

.  "  Nova  Logica."  J 

Aschbach,  in  his  history  of  the  University  of  Vienna,  says  that 
tbe  Ars  Fetus  treated  of  the  Predicables  of  Porphyry,  and  of  the 
Categories  or  Predicaments,  and  of  the  de  Interpretations  of 
Aristotle.  The  Logica  Nova  looked  at  argumentation  as  a  whole, 
and  considered— (I.)  The  Hesolution  or  analyses  of  Byllogisma  given 
in  the  Prior  and  Posterior  Analytics ;  (2.)  Inventive,  or  ways  of 
discovering  true  middle  terms,  given  in  the  Topics;  and  (3.) 
Fallacies,  given  in  the  Ubri  Elenchorum.  Prof.  Aschbach  shows 
that  Logic,  as  taught  in  Vienna,  consisted  of  three  parts— the 
VetuB  Logica,  which  was  studied  ae  an  introduction;  the  Parva 
liogicalia,  for  the  Vienna  Students  were  Moderoi;  and  the  Nova 
Logica.§  The  lists  which  he  quotes  bears  out  his  statement,  with 
this  exception,  that  after  some  time  the  Parva  Logicalia,  not  the 
*'  Ars  Vetus,"  came  to  be  looked  on  as  tlie  introduction  to  Logic. || 

Tbeee  quotations  may,  perhaps,  serve  to  prove  our  assertion,  that 
the  Bcholaatic  use  of  the  terms  "vetus"  and  "nova  logica"  is 
almost  exclusively  confined  to  the  designation  of  parts  of  the 

•  UnnimentB  Univ.  OUag.,  ii.  26,  26.  This  rererence  I  owe  to  Professor 
Veitch  of  Qlasgow. 

t  Liber  Decanomm  Fic.  Phil.  Univ.  Prag.  Pars.  i.  pp.  88,  126. 

t  Ibid.,  p.  127.  i   Ibid.,  p.  89,  90. 

]  Ibid.,  pp.  96,  186,  189,  142.  144,  147,  161,  154,  161.  According  to  these 
lists  a  coarse  of  lectores  on  the  An  Feltu  cost  5  gioscbem,  bat,  if  token  with 
eierciaea  and  eoUoquia,  or  guteetioaea,  it  cost  18  giosclieD,  A  eonne  on  the 
PuTB  Logii5«lia  cost  10  groBchen,  including  qafSBtionea.  While  a  coarse  on 
the  Nova  Logica  coat  12  gToschan.'aad  86  including  qusationea  (p.  96).  In 
the  last  decade  of  the  14th  centurf,  the  conrsa  on  the  Parva  Logicalia  con- 
sisted of  104  lectoies,  and  cost  a  golden ;  the  length  of  the  course  on  the 
Vetua  Logica  waa  the  Bame,  and  the  fee  the  same ;  while  the  coniBes  on  the 
NoTR  Logica  consialed  of  182  lectnres,  and  the  fee  was  S6  groschen  (p.  S6SJ. 
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OrgaooD  of  Aristotle — the  put  earlier  and  tbe  part  lat«r  koonn ; 
and  that  tbe  meaning  of  the  tenns  did  not  vai;  with  the  significa- 
tions of  Antlqui  and  Moderni. 

Tbe  point  discnseed  in  this  note  ia  of  small  importance  on  its 
own  account,  but  it  is  one  step,  and  a  rather  significant  one,  in  the 
argument  which  tends  to  show  that  the  new  life  in  scholasticism 
which  expressed  itself  most  full;  in  the  I4th  century  in  William 
of  Occam,  and  which  afterwards  developed,  through  the  early 
natural  philosophers  of  Italy,  into  those  scientific  methods  which 
have  rendered  modern  science  possible,  was  due  to  the  inborn 
genius  of  western  Europe,  and  was  not  a  foreign  growth  cut  from 
the  Greek  stock  and  engrafted  on  the  Latin. 


3.    Od  some  Abuormal  Cones   of  Pinua  Pinaaler.     By 
Professor  Alexander  Dickson. 

In  their  celebrated  esBay,  "  Sut  la  diapotiiion  dti  fenilies  euni- 
terUes,"*  the  brothers  Bravais  describe  a  cone  of  Pinus  Pinaaler 
(Pmi  maritime),  where  the  lower  part  of  the  cone  exhibited  second- 
ary spirals  7S,  12D(Beries  L  I,  L  ,4.  4..  &c.), wbiletowarda 
the  apex  tbe  arrangement,  in  conBequence  of  tbe  disappear, 
aoce  of  one  of  tbe  spirala  by  12,  changed  to  7S,   11 D  (series 

^'  i'  7'  iT'  fft'  *"■)■'''  Theydescribe  anotberooneof  the  same 
species,  in  which  the  lower  four-fifths  exhibited  secondary  gpirats 
9  S,  13  D  (series  j  -  1  -  ^  .  ^  .  *<=■).  changing  at  tbe  upper  fifth 

1     1 
3'  5' 

of  tbe  spirals  by  9.  J  Such  oases,  along  with  some  others  chiefly 
in  the  capitula  of  Dipsanu  lylveatrit,  lead  these  authors  into  a  dis- 
cnssion  of  the  general  question  of  the  possible  transition  from  one 
arrangement  to  another  by  change  in  the  number  of  secondary 
spirals.  As  regards  their  "  curviserial  "  forms,  however,  they  are 
disposed  only  to  admit  the  occurrence  of  such  transitions  by  way  of 


to  8  S,  13  D  (ordinary  series  .  ,  ^ ,  ^  ,  &c.)  by  suppression  of  one 


■  Ann.  des  8c.  Nat.    2d  ler.    t.  Tii.  f  L. , 

X  /..  c.  p.  108. 
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eonvergenee  of  secondary  spii&U,  i.e.,  by  abortion  of  one,  or  poBsibly 
coalescence  of  two,  lenilting  in  diminution  of  number.  For 
example,  after  referring  to  tbe  possible  derivation  of  an  arrangemeD  t 
with  5  and  7  secondary  epirals  (series  -  ,  -  ,  -  ,  —  ,  &c.),  from  an 

ordinary  one  with  5  and  8,  by  abortion  of  one  of  the  spirals  by  8, 
they  add  that  "the  series  1,  4,  5,  9  .  .  .  does  not  admit  of 
explanation  by  the  way  of  abortion,  and  that  one  can  deduce  it 
from  tbe  ordinary  aeries  only  by  supposing  a  tttperfcetalion  or 
addition  of  a  new  spiral  among  the  secondary  spirals  by  8." 
"This  hypothesis,"  they  continue,  "appears  to  us  altogether 
improbable,  since  in  the  face  of  an  immense  number  of  instances 
where  two  spirals  converge  into  one,  we  cannot  on  the  other  hand 
cite  one  (apart  from  rectiserial  stems)  where  one  spiral  diverges  into 
two  similar  and  parallel  ones."  • 

The  two  cones  of  Pi'ntu  Piruuter  which  form  the  immediate 
subject  of  Dr  Dickson's  paper,  and  for  which  he  is  indebted  to  the 
kindness  of  B.  Smyth,  Esq.,  Emyvale,  Co.  Monagban,  Ireland,  are 
interesting  cases  of  eonvergenee  of  spirals.  These,  together  with  a 
few  other  coses  abeady  noted  by  Dr  Dickson,  seem  to  throw  some 
additional  light  upon  this  question  of  the  origin  of  variations  in 
the  spiral  arrangements  in  a  given  plant,  where  not  unfrequently 
spirals  belonging  to  several  distinct  s^tems  occur. 

In  the  firet  of  tbe  cones  received  from  Mr  Smytb,  there  is  at  tbe 

b... .  ,igh.-h..d.d  §^  .pi„i  („,i«  > ,  1 , 1 4 ,  5  ,  1^ ,  fa.) 

with  the  secondary  spirals  9  S,  14  D,  23  S.  A  little  above  tbe  base, 
however,  two  of  tbe  9  spirals  to  the  left  run  into  one,  leaving,  from 
that  point  ap  to  about  tbe  middle  of  the  cone,  an  arrangement  of 
secondary  spirals  8  8,  14  D,  22  S  =  a  left-handed  bijugate  of  the 

series  s  >  3  >  ;^  >  n  '  fo  >  ^''■i  '^''■'^  divergence  -5 .   About  the 

middle  of  tbe  cone  two  of  the  14  spirals  to  the  right  run  into 
one,  leaving,  from  thence  to  tbe  top  of  the  cone,  an  arrangement 
of  secondary  spirals  8  S,  13  D,  21  S  =  a  left-banded  ^  spiral  of  tbe 
ordinary  series  ^  >  g  1  pi  at  *c. 

•  L.  c.  pp.  10*,  105. 
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Tlie  aeoond  of  Mr  Smyth's  cones  exhibits  from  the  base  to  near 

the  top  a  right-handed    -^  spiral  (series  5 1  t  i  s  i  ^r  .  tq  .  *<>•) 

with  aecondaiy  spirals  7  S,  II  D.  \eai  the  top  of  the  cone,  how- 
ever, two  adjacent  scales  of  two  of  the  7  spirals  to  the  left  have 
partially  coalesced,  and  beyond  that  point  the  two  spiials  run 
into  one,  leaving  an  arrangement  of  secondary  spirals  6  S,  10  D  = 
a  left-handed  bijugate  of  the  ordinary  series  s  i  o  >  =  '  5  1  *°-j 
with  divergence      _     . 

Id  the  cone  of  Pinu»  Lambertiana,  recently  exhibited  to  the 
Society,  it  will  be  recollected  that  at  the  bottom  and  top  of  the 
cone  there  was  a  left-handed  ^  spiral  (series  ~ ,-,-,_,  ~ 
Sec.)  ;  while  in  the  middle  was  a  right-handed  bijugate  of  the  series 
9 '  fi '  7 '  19'  *'''*  "^^^^^  ^'^^  divergence  in  each  of  the  two  gene- 
rating spirate  -  — -,     In  this  cone  the  steepest  secondary 

spirals  at  the  bottom  and  top  were  9  D,  14  S  ;  while  those  in  the 
middle  were  10  D,  14  S. 

In  connection  with  the  above,  Dr  Dickson  recalled  attention  to 
the  flower-spikes  of  Bankiia  ocddentalia  recently  exhibited  to  the 
Society,  where  there  were  four  different  arrangements, — viz.,  one 
with  secondary  spirals  7  and  7  =  alternate  whorls  of  7  (or,  if  pre- 
ferred, a  7-jugate  of  the  ordinary  series  with  divergence  — ■     ), 

giving  14  vertical  rows;  one  with  secondary  spirals  7  and  6 
=  a  Yg  spiral  (series  g  '  y '  jg  j  &c),  giving  13  vertical  rows;  one 

with  secondarv  spirals  7  and  5=  a  -j-^  spiral  (series  .  ,  ^  ,  -  ,  — 
■'    '^  12*^        ^  25'712, 

&c.),   giving  12  vertical   rows;   and  one   with    secondary  spirals 

8  and  5  -  a  ^^  spiral  (ordinary  series)  giving  13  vertical  rows. 

It  will  be  noted  that,  contrary  to  the  opinion  of  MM.  Bravais, 
one  arrangement  does  not  necessarily  or  only  originate  from 
unotber  by  suppression  of  parts.     To  prove  this,  we  have  only  lo 
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look  at  the  above-meDtioned  cone  of  PiittM  Lamberliana,  where  the 
arrangement  in  the  middle  region  resnlts  from  ao  augmentiddon  of 
parts  as  compared  with  the  base  of  the  cone;  while  the  spiral  at 
the  top,  which  ia  the  same  as  that  at  the  base,  is,  of  course, 
the  result  of  a  dimintUion  as  compared  with  the  middle.  It  has 
been  already  observed  by  authors,  moreover,  that  in  such  plants 
as  Cacti  and  succaleal  Euphorbias*  one  vertical  row  may  be  split 
into  two,  or,  conversely,  two  run  into  one,  thus  changing  the 
spiial.  Now,  as  TBrtical  rows  are,  in  one  sense,  only  to  be  regarded 
as  the  steepest  secondary  spirals  (a  slight  torsion  readily  con- 
verting them  into  actual  spirals),  such  cases  are  in  all  essentials 
comparable  to  the  above -described  cones. 

The  arrangements  above  indicated  will  be  rendered  very  readily 
intelligible  by  the  accompanying  tabular  views. f 


Table  k.—Cone  o/Pinus  Pinaster  (JIfr  Smyth— No.  1). 

S         D3         DSDSV 

Top,         1        2        3        5        8      13      21      34=     II 

Middle,  —       —       2        6        8      14      22      3G  =  jg^ 

Bottom,  —         1         4         5         9       14       23       37  =     ^^ 

Tabl*  B.—Cone  of  P.  Pinaster  {Mr  SmytA—No.  2). 

D  3         D         S       D        V 

Top,  -         2         4         6       10       16  -  g^2 

Bottom,      1         3         4         7       11       18  =     Ya 


*  The  greater  number  of  thase  plante  wonld  be  reckoDed  as  truly  recti- 
serial  b;  MU.  BraTaiB.  Dr  Dickson  has  no  hesitation  in  lefeiriDg  to  such 
cajSB  in  this  argument,  as  he  is  strongly  disposed  to  doubt  as  to  there  bsing 
any  fandamental  distinction  between  the  ■' rectiseriaJ"  and  the  so-culled 
"  curviserial"  spirals  of  these  authors. 

t  In  these  tables,  under  S,  nre  indicated  the  numbers  of  spirals,  geaeratiag 
as  well  as  secondary,  ruuning  to  the  It/t;  under  D,  the  numbers  of  those  run- 
ning to  tbe  risfit;  while  onder  V  ure  indicated  the  numbers  of  vertical  rows. 
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Tabls  G. — Cme  of  PinaB  LambertietDa,  in  Muteum,  Edinburgh 
Bolanical  Garden. 


Top,  1         4         5         9       ]4       23=     23 

Middle,    —        2        4      10      14      24  =j^-|^ 

Bottom,      1         4         5         9       14       23  =     gg 

Table  DrepreBentethe  four  different  airaDgements  in  the  flower- 
spikes  of  Bankaia  oeeidentalit,  placed  id  series  so  as  to  show  how, 
by  slight  diminutioD  or  augmentation  in  the  namber  of  secondary 
spirals,  one  arrangement  may  be  conceived  to  originate  from 
another.  The  directions  of  the  spirals  to  right  or  left  are  stated 
arbitrarily,  to  suit  the  parpose  of  the  diagram. 
Tablb  D. 


No.  1,     —      —       —        7        7      14  =3 


1 


No.  4,  1  2  3  5  8  13  =  ^ 
It  is  impossible  to  reflect  on  such  cases  as  have  been  adduced 
and  not  be  impressed  forcibly  with  the  idea  that,  as  regards  their 
production  or  origination,  divene  spiral  arrangements  are  to  be  re- 
garded at  allied  much  more  according  to  the  numerical  correspond- 
ence  of  their  teeondary  tpiraft  and  verticals  than  in  propoHion  to  the 
correspondence  of  their  angular  divergences.  Such  cases,  moreover, 
show  clearly  how  a  generating  spiral  may  change  its  direction  on 
one  and  the  same  axis. 

It  is  perhaps  rash  to  speculate  as  to  how  the  different  systems  of 
spirals  in  Fir  cones  originate.  On  the  whole,  Dr  Dickson  is  inclined 
to  assume  the  bijugate  of  the  ordinary  system  as  the  fundamental 
arrangement.  Ho  is  to  some  extent  confirmed  in  this  view  by  a 
remarkable  abnormality  in  a  cone  of  P.  Pinaster,  gathered  by 
him  at  Muirhouse,  near  Edinburgh.  This  cone  exliibits  a  left- 
Tot..  VII.  3  ^ 
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handed  ^  spiral.     At  the  base  of  the  cone,  however,  a  numbBr  of 

radimentory  ecalee  of  email  size  and  aomevhat  peculiar  shape  are 
intercalated  with  considerable  regularity  among  the  others,  so  as  to 
appear  as  projections  placed  at  the  intersections  of  the  lines  fonned 
by  the  margins  of  the  larger  scales.  Now,  if  these  small  scales  hod 
been  disposed  with  perfect  regularity,  and  had  been  of  equal  size 
with  the  others,  there  would  have  been  a  left-handed  bijugate 
arrangement,  with  divergence  ^- — - .  Snob  a  cone,  in  fact,  sug- 
gests the  possibility  of  single  spirals  of  the  ordinary  series  being 
derived  from  bljugates  of  the  same  series  by  suppression  of  cue 
half  of  the  scales. 

Again,  the  ordinary  trijugates  are  easily  derivable  from  bijugate^ 
us  indicated  in  Table  E. 

Table  E. — Showing  the  possible  derivation  of  ordinary  Trijfigate  from 
the  Bijugate  ATrangenient. 


From  the  ordinary  tnjugate,  in  turn,  a  spiral  of  tlie  system,  2,  ci 
5 ,  -5  ,  5s ;  ^°'  ™*y  ^^  simply  derived,  as  indicated  in  Table  F. 

Tabli  F. — Showing  pouible  derivation  of  a  Spiral  of  the  Syttent, 
-  ,  5,  dx.,from  the  Ordinary  Trijugate. 


13x3 

Again,  it  is  clear  that  by  augmentation  of  ports,  a  spiral  of  the 

system  ^  ,  -  ,  - ,  Ac,  may  be  derived  from  the  ordinary  bijugate, 

since  the  converse  (by  diminution)  actually  occurs  in  the  second 
of  Mr  Smyth's  cones  indicated  in  Table  B. 
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Lastly,  tbe  npiral  ^,  Beries    -,  ^,    — ,    -    ,    &c,,    which    Dr 

Dickson  formerly  noted  aa  occurriog  in  a  cone  of  Ptnus  Ptnoater,  in 
tbe  Museum,  Edinburgh  Botanic  Garden,  may  readily  be  derived, 
as   MM.  firavaie   have  euggested,*  from    a   spiral  of  the  senes 
112      3       5     ,       .. 
4'  5'  9'  R-  2-3'*"'"'"^' 

Tablb  G. — Showing  potiibU  derivalitm  of  a  ^  Spiral  fi-om  th«  Si/item 


22  =       ; 

23  =   , 


The  following' Gentleman  was  admitted  a  Fellow  of  the 
Society : — 

Rev.  ProfesBor  Ceawfosd. 


Monday,  I5th  May  1871. 

Professor  CHRISTISON,  President,  in  tbe  Chair. 

At  the  request  of  the  Council,  Professor  Tait  gave  an 

Address  on  Spectrum  Analysis. 
(The  following  is  a  Irief  A  batract,  consisting  mainly  of  the  Leclure 
Notet)  .■ — 

I  should  uot  have  thought  of  appearing  before  you  to-night  to 
lecture  on  so  hackneyed  a  subject,  had  1  not  been  assured  by 
several  members  of  the  Council  that  such  an  address  was  really 
desired  by  many  Fellows  of  the  Society.  It  is  a  subject  to  which 
1  have  not  paid  very  special  attention,  partly  becauee  it  is  in  so 
many  and  such  good  hands,  and  partly  because  (^except  from  the 
point  of  view  of  theory)  it  requires  for  its  extension,  especially  to 
■  L,  e.  p.  103. 
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astroDomy,  veiy  costly  iDetrumental  appli&DceB  and  a  great  sacrifice 
of  time.  And  the  difficulty  of  transporting  to  the  Society's  rooms 
from  the  College  the  large  amoaot  of  bulky  and  delicate  apparatus 
required  for  its  proper  illustration,  ia  (as  I  have  just  found)  so 
great,  that  if  on  any  future  occasion  the  Society  desire  me  to  give 
such  an  address,  I  shall  have  to  make  it  a  condition  that  the 
meeting  for  that  evening  be  held  in  my  class-room  in  the  Uni- 
versity buildings. 

The  subject  of  spectrum  analysis  must  always  possess  great 
interest  for  this  Society,  inasmuch  as  many  of  its  most  distin- 
guished promoters  have  been,  or  are,  among  our  Fellows,  ordinary 
as  well  as  honorary,  and  several  of  the  most  remarkable  memoirs 
on  various  parts  of  the  subject  are  to  he  found  among  our  publica- 
tions. 

The  objects  of  spectrum  analysis  maybe  briefly  en  untiated  as 
follows : — To  make,  by  optical  methods,  the  qualitative  chemical  ana- 
lysi$  of  (1)  a  telf-luminoiu  body  ;  (2)  an  abiorhing  medium,  whether 
eelf-luminout  or  not. 

It  is  difficult  now-a-days,  when  so  many  philosophers  are  engaged 
almost  eimuitaneonsly  at  the  same  problem,  to  decide  which  of 
their  successive  steps  in  advance  is  that  to  which  should  reaUy  be 
attached  the  title  of  dtKovery  (in  its  highest  sense)  as  distinguished 
from  mere  improvement  or  generalieation.  Tou  have  only  to  look 
at  the  recent  voluminous  discussions  aa  to  the  discoverer  of  the 
Conservation  of  Energy,  to  see  that  critics  may  substantially  agree 
aa  to  facts  and  dates,  while  differing  in  the  most  extraordinary 
manner  as  to  their  deductions  from  tbem.*  Some  of  these  writers, 
no  doubt,  put  themselves  out  of  court  at  once  by  habitually  attri- 
buting the  gaseous  laws  of  Boyle  and  Charles  to  Mariotte  and  Gay- 
Lussac.  Men  who  persist  in  error  on  a  point  so  absolutely  clear 
as  this,  show  themselves  unfit  to  judge  in  any  case  of  even  a  little 
more  difficulty.  Others,  who  strongly  support  the  so-called  claims 
of  Uayer  in  the  matter  of  Conservation  of  Energy,  and  who  should 
(to  be  consistent)  therefore  far  more  strongly  advocate  the  real 
claims  of  Talbot,  Stokes,  Angstrom,  Stewart,  &c.,  to  the  discovery 
of  spectrum  analysis,  are  found  to  uphold  Eirchhofi'  as  alone  en- 
*  Some  frantic  partisani  of  Papin,  Ac,  den;  almost  all  credit  to  Watt  in 
the  matter  of  the  steam-engine !     No  farther  examplea  need  be  cited. 
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titled  to  any  merit  in  tbe  matter.  Ab  a  paper  by  Mr  Talbot,  on  the 
early  hiHtory  of  the  subject,  is  to  be  read  this  evening,  I  Bhall  content 
myself  for  the  present  with  the  remark,  that,  of  tbe  two  objecta  of 
spectrum  analysis  above  named,  Talbot  and  Herscbel  were  nnques- 
tionably  foremost  in  tbe  enuntiation  of  tbe  first;  Brewster,  Angstrom, 
and  especially  Stokes  and  Balfour  Stewart,  in  that  of  tbe  second. 
Why  some  of  their  statements  were  incomplete  or  inexact,  and 
what  was  required  to  complete  or  to  correct  them,  will  be  more 
usefully  stated  after  I  have  given  some  preliminary  explanations. 
Sfbctrum. — Newton's  fundamental  experiment. 

Reason  of  separation  of  colours. 

Reason  of  impurity. 

How  to  obtain  a  pure  Rpectruro. 

Object  of  tiyiug  to  do  so. 

Effect  of  Additional  Prisms. 
Note  that  the  som^»  of  light  in  all  these  experimeuta  has  been  carbon 
heated  to  incandescence  by  resistance  to  a  powerful  current  of  voltaic 
electricity. 

I.  Incandescent  solids  and  liquids  give  gemrally  a  continuous  spectrum. 

Its  highest  radiation,  and  the  amount  of  radiation  of  each  wave 
length,  depend  on  the  tempeiature. 
Hence  the  necessity  of  using  the  highest  temperature  we  can 

UloBtinte  by  different  lengths  of  platinum  wire  heated  by  current 

II.  GaaeouE  bodies,  incandescent,  give  generally  a  (limited)  number  of 

perfectly  definite  wave  lengths  (though  under  certain  circumstoncee 
of  pressure,  &c.,  they  give  a  continuous  spectrum).  The  number 
depends  for  each  substance  on  ita  tempeiature  and  pressure,  and  their 
appearance  is  choTacterittii:  of  the  mbttante.  For,  under  the  same 
physical  circumstances,  we  have  always  the  same  effect — as,  indeed, 
must  be  assumed  to  be  the  case,  if  we  think  physics  can  be  studied 
at  all.  This  remark  was  virtually  made  by  Camot,  and  is  all  that 
was  wanting  in  Talbot's  earliest  paper  to  make  it  tbe  complete 
statement  of  this  first  part  of  the  subjecL 
IlluBtrote  by  the  spectra  of  the  incandescent  vapours  of 

Thallium, 

Lithium, 

Magnesium, 

Sodium. 
Illustrate  the  conductivity  of  the  vapour  of  the  latter  by  the 
increased  breadth  of  the  spectrum  when  it  is  present ;  also  by  its 
effect  in  improving  the  spectra  of  other  substances  when  a  weak 
battery  is  used. 
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Hydrogen — b;  inductioD-coil. 
(Here  refer  again  to  Talbot's  paper,  piesentljr  to  be  read.) 
SPBCTROBCOPE& — Swan's  paper,  in  Edinburgli  Transactions — lotro- 
duction  of  Collimator — eatimation  of  the  exces- 
sirelj  minute  amount  of  Bodimn  required  to  give 
the  D  line. 
Uhivbrsal  Pkevalbncb  of  Sodidm ,  I^thium,  &c. 
DiecovERT  OF  New  Mbtals.— Bnnsen — Rubidium,  Cteaium. 
Crookes  and  Lemy — ThaJlimn. 
Reich  and  Eichter — Indium. 
DiscorsRiES  IN  ASTBONOMT  and  MtrrBoaoLOOT. 
Lightning. 
Aorora. 

Solar  prominences  and  corona. 
Nebula. 
Comete. 
Zodiacal  light. 
Temporary  stars. 
Huggins,  Januen,  Lockjer,  Secchi,  &c. 
III.  Absorption  by  glowing  gases,  from  otherwise  continuous  spectra. 
Fraunhofet's  lines  (WoUaston). 
Reversal  of  sodium  line  (exhibit). 
Hence  abao^luTU  of  sun,  stars,  &c. 
Brewster  (m  Edinburgh  Transactions). 

Nitric  peroxide — eSfects  of  heat  and  pressure. 
Atmospheric  lines. 
Foucault. — Spectrum  of  incandescent  carbon  points,  seen  (by  reflec- 
tion) through  the  voltaic  arc  (which  itself  gives  them  bright) 
shows  the  D  lines  reversed. 
Stokes — about  1860,  gave,  in  consequence  of  W.  H.  Miller's  veiy 
accurate   verification   that   the   double  bright  line  of  sodium 
exactly  corresponds  in  refrangibility  with  the  double  dark  line 
D,  the  correct  mechanical  explanation  of  the  phenomenon, 
with  the  mechanical  illustrations  still  very  often  empbyed. 
Given,  with  gencml  theory  of  solar  and  stellar  chemistry,  ever 
since  (annually)  by  Thomson  in  his  lectures.    Give  it. 
Angstrom — 1853. — "Un  gaz  k  I'itat  d'incandescence  £met  des 
rayons  lumineux  de  la  m£me  i^&angibilit^  que  ceui  qu'il  p«ut 
absorber." 
B.  Stewart  (Edinburgh  Transactions,  1858-9). 

Extension  of  the  Theory  of  Exchanges — The  radiating  power 
of  a  body  is  equal  to  its  absorbing  power,  and  that  for  every 
ray.     Based  on  experimental  facts. 

Heated  pottery  ware,  with  marked  pattern,  Itfoked  at  in  the 
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Coloured  glasses  lose  their  colour  in  the  fire. 
Kircbhoff,  Oct.   1669. — Introduction   of    leaaoning   more   directly 
based  on  the  Second  Law  of  Thennodynamicg. 

Proof  that  the  abaorbiog  flame  must  be  colder  than  the 
Bouice — Exception  for  F'luoicscence. 
EiTchhoffand  Stewart — Tourmaline,  which  polarises  common  light 
b;  absorbing  polarised  light,  gives  off,  when  hot,  polarised 
light  like  that  which  it  absorbs. 
(Note  that  the  discussion  of  the  question  of  priority  ou  this  subject,  in 
papers  by  Stokes,  Thomson,  Kirchhoff,  and  Stewart,  in  tbe  Phil.  Mag. 
18S3,  is  veiy  interesting,  and  maj  still  be  read  with  profit). 
Fluorescence  is  Degradation  of  Energy. 
Exhibit  Stokeii'  fiiodaniental  Experiments. 

The  questiuD  of  priority  just  alluded  to  illustratei<  in  a  very 
cnriouB  way  a  aiogular  and  lanieDtable,  though  in  one  eenBt; 
honourable,  characteristic  of  many  of  the  higlieRt  class  of  Britieli 
ecieotific  men ;  i.e.,  their  pronenesB  to  consider  that  wliat  appears 
evident  to  them  cannot  hut  be  known  to  others.  I  do  not  tliiok 
that  this  can  be  called  modesty ;  it  is  rather  a  species  of  diffidence 
due  to  their  consciousness  that  Id  general  their  accurate  knowledge 
of  the  published  developments  of  science  is  confined  mainly  to 
those  branches  to  which  they  have  specially  devdted  themselves. 
Their  foreign  competitors,  on  the  other  hand  (especially  the 
Germane),  are  often  profoundly  aware  of  all  that  has  been  done, 
or,  at  least,  have  some  one  at  hand  wlio  is,  and  can  thus,  when 
a  new  idea  occurs  to  them,  at  once  recognise,  or  have  determined 
for  them,  its  novelty,  and  so  instantly  put  it  in  type  and  secure  it. 
Neither  Stokes  nor  Thomson,  in  1850,  seems  to  have  had  the  least 
idea  that  he  had  bit  on  anything  new,  especially  as  they  had  a 
vague  recollection  that  Foucault  had  previously  attacked  the  pro- 
blem—the matter  appeared  so  simple  and  obvious  to  them— and, 
but  for  the  fact  that  Thomson  has  given  it  in  his  public  lectures 
ever  since  (at  first  giving  it  as  something  well  known),  they  might 
have  thus  forfeited  all  claim  to  mention  in  connection  with  the 
discovery.  I  could  mention  many  other  striking  instances  of  this 
peculiarity;  one,  in  fact,  appeared  in  our  own  Proceedings  a 
few  months  ago ;  but  to  consider  It  more  closely  would  lead  me 
away  from  the  subject  of  my  lecture.  It  is  sufficient  to  have 
called  attention  to  a  wont  which  could  easily  be  supplied,  if  we 

DiqitlzscbyGOOqlC 


460  Proceedings  of  the  Royal  Society 

had  anythiog  id   tbia  country  equivalent  to  the  ForUdiriite  der 
Phytik,  but  published  with  considerably  less  delay. 

Detailed  study  of  Solar  Spectrum — mainly  due  to  the  laboon  of 

Mapa  by  Kirchhoff  and  Angstrom,  with  the  number  of  ele- 
ments proved  to  exist  in  the  aun'a  atmosphere. 
According  to  Angstrom,  the  following  uumbera  of  bright  lines  given  by 
elements  are    found    exactly  coincideot  with  dark  liaea  in  the  eolar 


Hydrogen, 

4 

Mauganese, 

Sodium, 

U 

Chromium, 

Barium, 

U 

Cobalt, 

Calcium. 

76 

Nickel, 

Magnesium, 

4  +  {3  0 

Zinc, 

2(0 

Copper, 

Iron, 

450 

Titanium, 

118 

Be  notes  that  Thal^n  has  found  SOO  coincidencea  with  Titanium  linea. 
TvPEB  OF  Stars— Seech i. 

I.  White  stars — Scarcely  any  absorption   lines,  except  those  due  to 

Hydrogen,  which  are  strongly  marked.    Siiiua,  Vega,  &c. 

II.  Yellow  stars — The  Sun,  Arctums,  Aldebaran,  &c. — multitudes  of 

fine  lines. 

III.  Nebulous  bands  in  addition  to  the  fine  lines — ■  Hercuhs,  m  Ononis, 
&C.  In  Mira  Ceti  these  bands  vary  with  the  apparent  magnitude. 
Similar  appearances  are  observed  in  the  spectra  of  aun-apots.  On  the 
contraiy,  Algol  retains  the  first  type  through  all  its  periodic  changes. 

IV.  Feeble  spectrum  crosaed  by  bright  lines.  The  stars  of  this  type  are 
all  of  small  apparent  mngoitude  (i.e.  of  feeble  luminosity),  and 
iiaually  of  a  blood-red  colour.  Temporary  Stars — bright  linea  of 
hydrogen. 

If  to  these  he  added 

V.  Resolvable   Nebulee — Contiouous   spectrum,   as   are    those   of   the 

nebula  in  Andromeda,  and  of  many  others  not  resolvable;  and 

VI.  Planetary  Nebulie,  and  others  irresolvable,  such  as  those  of  Orion, 
Lyra,  Jbc,  wheie  the  spectrum  consists  of  a  very  few  bright  lines 

it  seems  to  me  that  we  have  a  series  of  indications  of  what  (for  want  of  a 
better  phrase)  may  be  called  tbe  period  of  life  of  a  star  or  group ;  beginning 
with  the  glowing  gases  developed  by  the  impacts  of  the  agglomerating 
cold  masses  (VI.),  *  then  the  almost  perfect  spectrum  of  white-hot  hquid  or 
comprc3sedgas(V.,  I.),  which  (as  it  becomes  colder)  suffers  absorption  by  the 
rise  of  still  colder  vapuuis  (II.) ;  then,  as  it  farther  cools,  nebulous  bands 
lake  the  place  of  sharp  linea  (III.) ;  anon  the  bursts  of  glowing  gases  are 
•  Sea  the  Abstract  of  my  paper  on  Cninets,  Proc.  B.S.E.,  1868-9. 
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brighter  than  the  photosphere  (IV.),  and,  finallj,  no  light  but  that  of  theM 
g&ses  is  intense  enongh  tn  reach  us  (VI.)  That  there  w  energy  enough  to 
produce  these  auccesaive  derelopmenU  is  obvioos  from  the  bet  that,  ereo 
at  their  inuneose  distance,  the  vuihh  portions  of  the  nebulie  of  Orion  and 
of  Argoa  subtend  an  angle  of  nearly  fonr  degrta. 

Application  of  the  spectroscope  to  determine  the  rbutive  tklocitt  of 

A  BTAR,  OR  OP  A  GASEOUS  CDRRENT  IN  THE  SOUAR  PHOTOSPHF.RB,  Wmi 
RIOARD  TO  THB  BARTH. 

Analogy  from  Fiound. 

Bailvay  whistle. 

Tuning-fork  experiment 

Similar  experiment  with  organ-pipe. 


Coloured  glaxses. 

ChlorophyiL 

Detection  of  blood,  changes  of  the  blood -spectrum  by 

oxidation,  Ac.,  Ac. 
Microscopic  spectroscope. 

The  following  Communications  were  read  : — 

1.  Note  on  the  Early  History  of  Spectrum  Analysis.  By 
H.  Fox  Talbot,  Hon.  F.R.S.E. 

Newton,  in  his  observatioDS  on  the  apectrum,  appears  never  to 
have  used  a  narrow  aperture.  In  fact  there  was  notluDg,  in  the 
existing  state  or  knowledge  in  his  day,  to  lead  him  to  suppose  that 
this  would  alter  the  phenomena. 

Wollaston  was  the  first  who  observed  some  obscure  bands  jn  the 
spectrum,  by  viewing  with  a  prism  the  aperture  left  by  the  shutters 
of  his  room  when  nearly  closed.  It  is  surprising  that  this  acute 
philosopher  did  not  follow  up  the  hint  thus  accidentally  presented 
to  him,  hut  contented  himself  with  the  rude  observation  above 
mentioned. 

Frannhofer  was  the  first  who  detected  the  wonderful  system  of 
dark  lines  in  the  solar  spectrum,  by  viewing  a  very  narrow  and 
accurately  formed  aperture  with  an  excellent  prism,  aided  by  a 
small  telescope.  He  likewise  gave  names  to  the  principal  dark 
lines  which  have  been  generally  adopted,  and  he  measured  accu- 
rately their  refractive  indices  by  mounting  the  prism  on  a 
graduated  brass  circle  movable  round  a  cenlre. 

.\rt«r  completing  his  observations  on   the  solar  xpectrum.  he 
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tunied  his  attention  to  the  spectrum  of  the  etars,  of  whith  be 
described  Mveral.  He  likewise  described  the  Bpectnim  of  electric 
light,  biit  only  that  of  Bparke  passing  through  atmospheric  air. 
He  has  likewise  left  on  record  a  very  curious  observation  on  the 
spectrum  presented  by  the  exterior  flame  of  a  wax  candle.  When 
the  bright  flame  is  intercepted  by  a  screeDj  and  only  the  faint  ex- 
terior flame  viewed,  be  found  it  to  consist  almost  entirely  of  homo- 
geneous yellow  light ;  but  his  skill  as  an  obBerver  was  so  great  that 
he  perceived  this  yellow  light  to  consist  of  two  distinct  rays  very 
close  together,  and  only  separable  by  an  excellent  prism,  and  a 
very  narrow  aperture.  As  he  remembered  that  there  was  a  similar 
donble  ray  in  the  yellow  part  of  the  solar  spectrum  which  he  had 
named  D,  the  happy  thought  occurred  to  him  of  transmitting  solar 
light  through  the  same  aperture.  He  did  so,  and  found  that  the 
two  rays  of  the  line  D  coincided  most  accurately  with  the  double 
yellow  ray  given  by  the  exterior  flame  of  a  wax  candle.  He  does 
not  appear  to  have  prosecuted  this  interesting  research  further. 
He  merely  records  the  fact.  He  was  not  aware  that  the  yellow 
light  of  the  candle  was  in  any  way  caused  by  the  presence  of 
sodium,  the  existence  of  which  in  a  wax  candle  would  probably  not 
occur  to  any  one,  unless  perhaps  to  on  experienced  chemist  on  the 
look  out  for  some  extraneous  substance. 

About  th^  same  time  Sir  D.  firewster  had  been  seeking  for  a 
source  of  homogeneous  light,  for  the  purpose  of  improving  the 
microscope  by  destroying  all  chromatic  aberration  of  the  lenses. 
See  his  paper  of.  1822  in  the  Transactions  of  the  Royal  Society  of 
Edinburgh,  vol.  ix.  p.  433.  Although  acquainted  with  the  effect  of 
salt  on  the  flame  of  burning  alcohol,  be  had  evidently  only  cursorily 
examined  it,  since  he  says  "  salt  or  niire,"  which  is  incorrect,  and 
speaks  of  its  causing  the  flame  to  yield  "  insalubrious  vapours." 
He  therefore  rejects  the  use  of  it,  and  merely  recommends  that  the 
alcohol  should  be  "  largely  diluted  with  water."  The  yellow  light 
so  obtained  he  refers  to  "  imperfect  combustion  "  (p.  435),  and  not 
in  any  way  to  sodium,  observing  that  the  combustion  of  paper, 
linen,  cotton,  or  the  flame  of  a  blow-pipe,  also  contain  the  same 
homogeneous  yellow  light  in  tolerable  abundance.  His  observa- 
tions, therefore,  have  a  certain  resemblance  to  those  of  Fraunhofer. 

About  the  year  1824  or  1825,  Dr  Wollaston  gave  one  of  bis 
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eveoiDg  partkii,  to  wbich  men  of  soience  and  amateurs  were  in- 
vited, and  it  was  the  custom  to  exhibit  scientific  novelties;  and  to 
make  them  the  snbjoct  of  conveisation. 

Od  the  evening  in  question  I  brought  as  my  contribution  to  the 
meeting  some  very  thin  films  of  glass  (such  as  are  ahowa'io  glaaa- 
houses  to  visitors  by  a  workman,  who  blows  a  portion  of  melted 
glass  into  a  large  balloon  of  extreme  tenuity,  and  afterwards 
crushes  the  glass  to  nhivers).  Such  a  film  of  glass  -I  brought  to 
Dr  Wollaston  and  bis  friends,  and  after  showing  that  in  the  well- 
lighted  apartment  it  displayed  a  uniform  appearance  without  any 
markings,  I  removed  it  into  another  room,  in  which  1  had  prepared 
a  spirit  lamp,  the  wick  of  which  bad  been  impregnated  with  com- 
mon salt.  When  viewed  by  this  light,  the  film  of  glass  appeared 
covered  with  broad  nearly  parallel  bands,  which  were  almost  black, 
and  might  be  rudely  compared  to  the  skin  of  a  zebra.  Similar 
bands,  but  much  fainter,  were  seen  by  transmitted  light.  All  pre- 
sent agreed  that  this  curious  phenomenon  could  only  be  due  to  the 
extreme  homogeneity  of  the  light  of  the  lamp  with  the  salted  wick, 
which  much  exceeded  any  previous  estimate  of  it.  It  did  not 
occur  to  any  one  that  evening  to  procure  a  lens  and  a  plate  of 
glass,  in  order  to  try  the  effect  of  the  light  on  Newton's  rings. 
But  such  an  experiment  tried  soon  afterwards  revealed  an  astonish- 
ing augmentation  of  the  number  of  rings  visible.  I  followed  up 
this  obatrvation  by  publishing  a  paper  in  1826  (Brewster's  Journal, 
vol.  V.  p.  77),  in  which  I  determined,  among  other  things,  the  fol- 
lowing facts,  namely,  that  all  the  sails  of  soda  gave  the  yellow  line 
D,  which  I  therefore  afiirmed  to  be  charact«riBtic  of  sodium.  That 
the  salts  of  potash  give  a  violet  light,  together  with  a  single  red 
ray  situated  almost  at  the  end  of  the  spectrum,  and  with  no  other 
light  near  it.  [Subsequently  firewater  made  careful  observations 
upon  this  ray,  and  found  it  to  be  coincident  with  A  in  the  solar 
spectrum,  a  remark  which  recent  researches  with  more  powerful 
instruments  have  shown  to  be  not  entirely  exact,  Brewster  did 
one  great  service  in  pointing  out  the  fact  that  in  inquiries  like  this 
an  achromatic  telescope  is  not  necespary.] 

The  following  is  a  quotation  from  tbis  paper  (vol.  v.  p.  77J; — 
"  The  Same  of  nitre  contains  a  red  ray  of  remarkable  nature.  This 
red  ray  possesses  a  definite  refrangibility,  and  appears  to  be  cha- 
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racteriBtic  of  the  salts  ot  potath,  as  the  yellow  lay  is  of  the  eolta  of 
$oda.  If  this  should  be  admitted,  I  would  further  tuggest  that  when- 
eiier  the  prism  shows  a  homogeneous  ray  of  any  colour  to  eicul  t'n  a 
flame,  this  ray  iitdieates  the  formation  or  the  presence  of  a  definite 
chemical  compownd." 

Further  oq,  sjieaking  of  the  spectmin  of  red  fire  (such  as  is  used 
in  theatres  and  io  fireworks),  I  said,  "  the  other  lines  may  be  attri- 
buted to  the'ftDtimon;,  strontia,  &c.,  which  enter  into  this  compo- 
sition. For  instance,  the  orange  ray  may  be  the  effect  of  the 
Htrontia,  since  Herschel  found  in  the  flame  of  muriate  of  strontia  a 
ray  of  that  colour  If  this  opinion  should  be  correct,  and  appli- 
cable to  the  other  definite  rays,  a  glance  at  the  pTitmalic  spectrum 
of  a  flame  may  show  it  to  contain  substances  which  it  would  othertoise 
require  a  laborious  chemical analytis  to  detect." 

Aq  early  paper  by  Herechel  has  been  omitted  in  its  proper  place, 
the  year  1822  (Transaction  b  Royal  Society  of  Edinburgh,  vol.  ix. 
p.  455).  He  there  shortly  describes  the  spectra  of  chloride  of 
Btrontia,  chloride  of  potassa,  chloride  of  copper,  nitrate  of  copper, 
and  boracic  acid. 

In  1827  (after  the  publication  of  my  experimeuta  in  1826),  he 
stated  in  the  Eocyclopaidia  Metropolitana,  article  on  Light,  p.  438, 
that  salts  of  soda  give  a  copious  aud  purely  homogeneouB  yellow ; 
those  of  potash  a  beautiful  pale  violet.  He  also  describes  the 
spectra  of  lime,  strontia,  litbia,  harytes,  copper,  and  iron. 

In  anotbei  paper  of  mine  (Phil.  Mag.  1834,  vol.  iv.  p.  114),  the 
flames  of  strontia  and  litbia  are  examined.  The  following  is  an 
extract  from  this  paper: — "The  strontia  flame  exhibits  a  great 
number  of  red  rays,  well  separated  from  each  other  by  dark  inter- 
vals, not  to  mention  an  orange,  and  a  very  definite  bright  blue  ray. 
The  lithia  exhibits  one  single  red  ray.  Hence  I  hesitate  not  to 
Hay  that  optical  analysis  cun  distinguish  the  minutest  portions  of 
these  two  substances  with  as  much  certainty,  if  not  more,  than 
any  other  known  method." 

Another  passage,  taken  from  the  same  page,  records  the  firet 
ubservatiun  of  those  peculiar  rays  at  the  violet  end  of  the  spectrum, 
to  which  sumo  years  later  Herschel  gave  the  name  of  the  lavtnder 
rays.  "  The  flame  of  Cyanogen  separates  the  violet  end  of  the 
spectrum  into  three  portions,  with  broad  dark  intervals  between. 
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Tbe  last  of  those  portioDS  it  so  widely  separated  from  tbe  rest  as  to 
induce  a  soBpiciou  that  it  ma;  be  more  refraoted  than  any  rays  in 
the  solar  spectrum.  This  separated  portion  has  a  pale  undecided 
bua  I  should  hardly  have  called  it  i/tolet  were  it  not  situated  at 
the  violet  end  of  the  spectrum.  To  my  eye  it  bad  a  somewbat 
whitish  or  greyish  appearaDce." 

This  was  followed  by  another  paper  of  mine  "On  Prismatic 
Spectra"  (Phil.  Mag.  1836,  vol.  ix.  p.  3),  in  which  tbe  spectra  of 
gold,  copper,  zinc,  Iraracic  acid,  and  barytes  are  described. 

Wfaeatatone,  nearly  at  the  same  .time,  published  some  interesting 
analogous  researches.  I  regret  not  to  have  his  paper  at  hand  at 
present,  in  order  to  give  a  full  account  of  it. 

Brewster  then  took  up  the  subject,  and  described  the  spectra 
produced  by  the  combustion  of  a  great  variety  of  substances,  in  a 
paper  printed  in  the  Manchester  meeting  (1842)  of  the  British 
Association  (see  Proceedings  of  the  Sections,  p.  15).  But  in  the 
same  page  there  is  another  short  paper  by  Brewster,  of  eurpossing 
interest,  since  he  there  announces  the  fact  that  the  bright  rays 
which  are  characteristic  of  artificial  flames  are  for  the  most  part 
those  which  are  deficient  in  solar  light,  a  fact  previously  confined 
to  tbe  line  D,  and  diHcovered,  as  we  have  said,  by  Fraunhofer. 
These  observations  of  Brewster  deserve  to  be  quoted  textually. 
His  paper  is  entitled  "  On  Luminous  Lines  in  certain  Flames  cor- 
responding to  the  defective  Linesi  in  the  Sun's  Light." 

After  noticing  Jrauiihofer's  beautiful  discuvery  as  to  tbe  phe- 
nomena of  the  line  D  in  the  prismatic  spectra,  Sir  David  said — 
"He  had  received  from  Fraunhofer  a  splendid  prism,  and  upon 
examining  by  it  the  spectrum  of  deflagrating  nitre,  be  was  surprised 
to  find  the  red  ray  discovered  by  Mr  Talbot,  accompanied  by  several 
other  rays,  and  that  this  extreme  red  ray  occupied  tbe  exact  place 
of  the  line  A  in  fraunhorer's  spectrum,  and  equally  surprised  to 
see  a  luminous  line  corresponding  to  the  line  B  of  Fraunhofer. 
In  fact,  all  the  black  lines  of  Fraunhofer  were  depicted  in  the 
spectrum  in  brilliant  red  light.  The  lines  A  and  B  in  the  spectrum 
of  deflagrating  nitre  appeared  to  be  both  double  lines,  and  upon 
examining  a  solar  spectrum  under  favourable  circumstances,  be 
found  bands  corresponding  to  these  double  lines.  He  had  looked 
with  great  anxiety  to  Bee  if  there  was  anything  analogous  in  other 
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flamee,  and  it  would  appear  that  tbie  nas  a  property  which  belonged 
to  almoet  every  flame." 

One  thing  only  was  wanting  in  order  to  complete  this  diBCorer^r 
of  Biewater'e,  namely,  to  explain  why  the  rays  which  are  bright 
in  artificial  flanee  should  be  dark  in  the  solar  spectrum.  The  ex- 
planation of  this  fact  was  roBerred  for  later  inquirers. 

The  above  is  far  from  exhausting  the  catalogue  of  Brewster's 
researches  on  the  spectrum.  He  mode  numerous  measnremente  of 
Fraunbofer's  lines  and  maps  of  certain  portions  of  the  solar 
spectrum.  He  likewise  discovered  the  extraordinary  effect  of 
nitrous  gas  upon  the  spectrum  transmitted  through  it,  which 
becomes  covered  with  a  vast  multitude  of  lines,  irregularly  dis- 
posed, but  always  appearing  in  the  same  places  in  the  spectrum, 
provided  the  density  and  temperature  of  the  gas  is  the  same. 

2.  On  Some  Optical  Experiments.,  By  H.  F.  Talbot,  Hon. 
F.RS.E. " 
I.  On  a  New  Mode  of  observing  certaiu  Spectra. 
The  attention  of  the  scientific  world  has  been  for  some  years 
past  fully  awakened  to  the  importance  of  observing  the  spectra 
exhibited  during  the  combustion  of  chemical  substances.  But  in 
making  an  extensive  series  of  such  experiments,  it  must  often  hap- 
pen that  the  observer  has  to  test  substances  of  which  he  onlypos- 
sesses  a  very  minute  quantity.  In  that  case,  before  be  has  viewed 
the  spectrum  long  enough  to  feel  fully  satisfied  of  its  nature,  his 
stock  of  the  substance  is  exhausted,  and  he  ia  obliged  to  leave  his 
ohservation  imperfect.  He  might  perhaps  be  testing  soma  mineral 
in  his  cabinet,  of  which  the  native  locality  was  unknown,  and  be 
might  surmise  it  to  contain  a  new  metal,  from  its  yielding. a  ray 
not  before  seen  in  the  spectrum,  yet  after  a  short  time  bis  observa- 
tions on  it  would  come  to  an  end,  aud  be  would  have  no  means  of 
showing  this  ray  to  other  observers.  Some  years  ago  tbe  metal 
thallium  was  so  rare  that  it  was  only  distributed  by  a  few  grains  at 
a  time  to  those  who  were  interested  in  its  discovery ;  and  many  of 
the  rarer  metals  are  absent  from  most  chemical  laboratories,  or  only 
represented  by  trifling  specimens.  About  four  or  five  years  ago  I 
devised  a  method  of  remedying,  or,  at  least,  greatly  dimlnisliing 
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this  incoQvetiienoe,  which,  with  some  slight  recent  improvementB, 
I  will  DOW  prooM  to  deBcribe.  Mj  method  was  founded  on  a  fact 
which  I  had  observed  manj'  years  ago,  namely,  that  the  mere  pre- 
sence of  a  chemical  BubBtance  in  a  flame  frequently  suffices  to  cause 
the  appearance  of  its  characteristic  rays,  and  that  it  is  not  at  all 
oecesBary  that  the  substance  should  be  consumed  and  dissipated. 
This  dissifiation  is  an  accident,  and  if  by  any  means  it  could  be 
prevented,  the  flame  would  maintain  its  characters  for  a  consider- 
able time.  For  instance,  in  Brewster's  Journal  for  1626,  vol.  v.  p. 
77,  &c.,  I  remarked  that  alcohol  burnt  in  an  open  vessel,  or  in  a 
lamp  with  a  metallic  wick,  givea  but  little  yellow  monochromatic 
light,  while  if  the  wick  be  of  cotton,  it  gives  a  considerable  quan- 
tity, and  that  for  an  unlimited  time.  And  I  added  that  I  had 
found  other  instances  of  a  change  of  colour  in  flames,  owing  to  the 
mere  preienee  of  a  substance  which  Buffers  no  diminution  in  conte- 
qaenee.  Thus,  a  particle  of  muriate  of  lime  on  the  wick  of  a  spirit 
lamp  will  produce  a  quantity  of  red  and  green  rays  for  a  whole 
evening  without  being  itself  sensibly  diroiQisbed. 

Mindful  of  these  experiments  of  1826,  when  a  few  years  ago  1 
wished  to  examine  the  spectra  of  tlialHum  and  other  substances,  1 
adopted  the  following  plan  :— A  grain,  or  Bometimee  much  less,  of 
the  substance  waa  placed  in  a  piece  of  strong  glass  tube  about  one 
inch  long.  Short  platina  wires  were  inserted  into  the  tube  at  each 
end,  approaching  each  other  within  about  half  an  inch.  The  endf 
are  then  sealed  by  a  blow-pipe,  leaving  enough  of  the  platina  wire 
outside  the  tube  to  allow  of  its  being  soldered  to  a  long  copper  wire. 
One  of  these  copper  wires  (with  the  external  portion  of  the  pla- 
tinum wire  soldered  to  it)  was  then  coated  with  gutta  percha  for 
the  space  of  three  or  four  inches  next  the  tube.  To  coat  the  other 
wire  was  found  unnecessary.  The  mode  of  experimenting  was  as 
follows.  The  tube  in  a  horizontal  position,  having  the  chemical 
substance  nearly  in  its  centre,  was  lowered  into  a  glass  of  water 
about  two  or  three  inches  below  the  nurface.  The  two  wires  were 
then  connected  with  a  Ruhmkorff's  coil,  set  in  action  by  six  of 
Grove's  cells.  When  the  sparks  were  allowed  to  pass  through  the 
tube,  they  speedily  ignited  the  Bubstance,  and  caused  it  to  give 
forth  its  characteristic  spectrum.  Even  after  the  sparks  have  been 
passing  for  several  minutes,  the  tube  remains  perfectly  cold.    This 
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is  the  object  of  placing  it  under  water,  for  if  that  precaution  ia  not 
taken  the  tube  will  sometimes  become  very  hot,  and  explode.  The 
gutta  percha  covering  is  to  prevent  the  spark  passing  through  the 
water,  and  to  oblige  it  to  pass  through  the  tube.-  It  is  sufficient, 
as  I  have  said,  to  cover  one  wire.  If  a  drop  of  water  has  been 
enclosed  in  the  tube  along  with  the  chemical  substance,  the 
colours  of  the  spectra  are  dieptajed  with  more  vivacity;  but  if  this 
is  done,  it  ia  absolutely  necessary  to  have  the  tube  well  under 
water.  The  bright  light  given  off  under  these  circumstances  by 
atrontia,  sodium,  thallium,  and  many  other  substances,  is  very 
beautiful,  and  so  permanent  that  at  the  close  of  the  experiment 
the  original  grain  or  half  grain  of  the  substance  does  not  appear 
diminished,  and  even  the  drop  of  water  is  found  remaining 
unchanged.  Provided  always  that  the  chemical  substance  is  one 
not  liable  to  decomposition  under  these  circumstances  of  heat  and 
moisture.  In  these  experiments  a  small  RuhmkorfTfi  coil  was 
found  to  answer  better  than  a  very  large  one. 

This  method  might  be  usefully  applied  to  the  illumination  of 
microscopic  objects  by  homogeneous  light.  If  the  tube  were 
placed  immediately  under  the  stage  of  the  microscope,  the  full 
intensity  of  the  yellow  light  would  fall  upon  the  object. 

AH  these  experiments  were  made  in  the  Physical  Iiaboratory  of 
the  University  of  £!dinburgh  by  the  kind  permission  and  assistance 
of  Professor  Tait. 

II.  On  the  Nicol  Prism. 
Many  years  ago,  when  this  beautiful  and  useful  optical  instrument 
was  new  and  very  little  known,  I  wrote  a  paper  in  a  scientific  journal 
calling  attention  to  its  merits,  and  recommending  its  use.  It  was 
first  described  by  its  inventor  in  Jameson's  Journal  for  1828,  p.  83. 
The  title  of  the  paper  being  "  On  a  Method  of  so  far  inereasing  lhi< 
Divergency  of  the  two  Baiji  tn  Calcareoug  Spar  that  only  one  Image 
may  be  Hen  at  a  time."  This  paper  was  reviewed  in  PoggendorflTs 
Annalen  for  1833,  p.  1S2,  who  says — That  he  perused  Mr  Nicol's 
account  of  his  invention  with  very  little  hope  of  its  proving  suc- 
cessful, but  that  having  constructed  the  instrument,  he  found  that 
nothing  could  answer  more  perfectly  than  it  did.  Having  read 
tiiis  testimony  to  its  merits,  I  had  one  made  by  a  London  optician. 
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which  proved  very  BQcceHsful.  I  thea  published  a  paper  on  it  in 
the  Phil.  Mag.  for  1834,  vol.  iv.  p.  289,  from  which  I  must  ask 
leave  to  make  aa  extract,  as  a  neceflsaiy  iDtroduction  to  what  1 
wish  to  say  about  it  od  the  present  occasion. 

My  paper  begiDs  by  quoting  the  testimony  of  tbe  German  writer 
to  tbe  merits  of  the  instrument,  and  continoes  thus : — 

"  Poggendorff  then  goes  on  to  say,  that  as  Mr  Nicol  had  not 
attempted  to  explain  the  operation  of  the  inelrument,  he  would 
endeavour  to  do  so,  in  which,  however,  I  cannot  say  that  1  think 
he  baa  been  entirely  successful.  Kow,  it  will  be  observed  that  the 
inventor  attributed  the  fact  of  the  instrument's  producing  only  one 
image  to  a  great  'divergeocy'  which  it  causes  in  the  images, 
throwing  one  of  them  aside,  out  of  tbe  field  of  view.  The  German 
writer  follows  the  same  idea,  bat  adds,  that  in  his  opinion  such 
divergency  ia  caused  by  the  Canada  balsam,  wbose  index  of 
refraction  being  1'549,  is  intermediate  between  that  of  tbe  ordinary 
ray  1  654  and  that  of  tbe  extraordinary  ray  1483,  which  circum- 
stance will  (in  his  opinion)  account  for  the  rays  being  'throwTi 
opposite  ways.'  He  odds,  that  any  one  '  who  was  not  afraid  of  the 
trouble '  might  easily  calculate  tbe  path  of  both  rays,  a  remark 
which  shows  that  his  idea  was  that  they  were  both  transmitted, 
and  diverging  from  each  other.  But  I  find  that  this  great  diver- 
gency does  not,  in  point  of  fact,  exist,  for  by  inclining  the 
instrument  a  position  may  be  found  in  which  both  images  are 
seen,  and  tbey  are  then  very  little  separated,  not  more  so  than  they 
were  by  the  same  piece  of  spar  before  its  bisection  and  cementation. 
On  gradually  altering  the  position  of  the  instrument,  the  second 
image  is  not  seen  to  move  away  from  the  first;  but  at  a  certain 
moment  it  vanishes  suddenly  without  leaving  tbe  smallest  trace  of 
its  existence  behind.  Having  thus  described  the  appearances  as 
I  have  found  them,  I  will  give  an  explanation  of  them,  which  I 
hope  will  be  more  satisfactory.  As  long  as  the  rays  composing  the 
images  are  incident  upon  the  Canada  balsam  at  moderate  obli- 
quities, it  cannot  exert  any  particular  discriminating  action  upon 
them.  But  when  the  obliquity  reaches  a  certain  point,  one  of  tbe 
images  suffers  total  internal  reflexion,  because  the  Canada  balsam 
is  (with  regard  to  that  image)  a  less  refractive  medium  than  calc 
spar.     But  with  regard  to  the  otiier  image,  it  is  at  tbe  same 
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moment  a  more  refractive  medium  than  the  epar,  and  thererore  it 
suffers  that  image  to  pass  alone." 

The  preceding  remarka  were  published  in  the  year  1834.  Soon 
afterwards  I  perceived  that  if  m j  explanation  were  correct,  a  Nicol 
prism  might  be  made,  half  of  calc  spar  and  half  of  glass.  Theory 
indicated  this,  but  no  actual  experiment  of  the  kind  was  made  at 
that  time.  Becently,  however,  my  attention  has  been  once  more 
directed  to  this  subject,  and  I  have  bad  such  an  instrument  con- 
fltructed  by  Mr  Bryson,  optician,  of  Edinburgh,  with  a  very  satis- 
factory result.  When  light  has  been  polarised  by  an  ordinary 
Nicol  prism,  it  is  completely  extinguished  by  the  new  prism  held 
in  a  proper  position ;  whereas  when  two  Nicol  prisms  are  com- 
bined, a  small  portion  of  light  generally  remains  visible. 

Either  end  of  the  new  prism  may  be  held  foremost,  a  result 
which  waa  not  altogether  expected.  An  idea  is  prevalent  that  the 
action  of  an  ordinary  Nicol  prism  is  due  to  the  circumstance  that 
one  surface  of  the  calc  spar  is  left  rough  to  scatter  one  of  the  rays. 
But  Buch  is  not  the  case.  Both  surfaces  are  highly  polished  by  the 
best  makers,  and  the  ray  is  not  scattered,  but  reflected,  and  may  be 
seen  by  proper  management. 

3.  Note  on  a  New  Scotch  Acidulous  Chalybeate  Mineral 
Water.    By  James  Dewar,  F.R.S.E. 

It  is  generally  known  that  this  country  is  extremely  deficient 
in  well-marked  chalybeate  waters.  Plenty  natural  waters,  con- 
taining small  proportions  of  iron,  are  to  he  met  with  in  the 
United  Kingdom;  but,  with  the  exception  of  those  of  Tun- 
bridge  Wells,  Harrogate,  Sandrock  (Isle  of  Wight),  Heartfell, 
near  Moffat,  and  Vicarabridge,  in  the  vicinity  of  Dollar,  they  con- 
trast very  unfavourably  with  those  of  the  numerous  spas  of  the 
continent  of  Europe.  If  we  restrict  ourselves  to  an  examination 
of  the  chemical  characters  of  the  above-mentioned  Scotch  chaly- 
beates,  we  observe  that  the  iron  is  present  in  large  quantities  in 
the  form  of  sulphate,  along  with  sulphate  of  alumina^  on  which 
account  they  are  more  nauseous  to  invalids,  and  are  at  the  present 
time  rather  unpopular. 

Becently  my  brother,  Dr  Alexander  Dewar,  Melrose,  sent  me  for 
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ttnalyHis  a  sample  of  a  new  well  water,  whose  peculiarity  had  pre- 
Tionely  attracted  his  attention.  A  chemical  examination  of  the 
water  in  question  showed  it  to  be  a  well-defined  acidulous  chaly- 
beate, unuBually  rich  in  carbonate  of  iron.  The  following  are  the 
analytical  details.  (As  the  suri'ace  water  gets  access  at  present,  a 
very  ezhanstive  analysie  appeared  unDecessary) : — 

Carbonate  of  iron,  .  175  grains  per  gallon. 

Alumina,     .  1-8  „ 

SUica,  ...  8-5 

Sulphate  of  magnesia,  7*8  „ 

Chloride  of  calcinm,  160  „ 

Carbonate  of  calcium,  4'1  ,, 

Alkaline  chlorides,  11*4  „ 

Total  residue,  67-1  „ 

Carbonic  acid  gas  per  gallon  40  cubic  inches. 

With  the  exception  of  the  celebrated  "Sr  Muspratt's  chaly- 
beate," at  Harrogate,  which  contains  10'8  grains  per  gallon  of 
carbonate  of  iron,  along  with  16*0  grains  of  protochloride,  I  do 
not  know  of  any  natural  water  in  this  country  containing  snch  a 
large  proportion  of  iron  in  the  form  of  carbonate.  And  it  is  to  be 
observed  that  the  water  is  not  associated  with  a  large  quantity  of 
other  salts. 

The  well  whence  the  foregoing  sample  was  taken  lias  not  been 
long  sunk,  and  its  water  is  perfectly  different  from  all  of  thoee  in 
its  immediate  vicinity.  Should  it  maintain  its  present  character, 
I  have  DO  doubt  that,  judging  from  its  own  qualities,  as  well  as 
from  its  favourable  climatic  situation,  along  with  the  general 
interest  attached  to  the  locality,  this  chalybeate  is  certain  to 
recoromend  itself  to  the  medical  profession. 

The  following  Gentleman  was  admitted  a  Fellow  of  the 
Society : — 

TBOMiS  J.  BoVD,  Esq. 
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Monday,  2d/A  May  1871. 
Pbofesbor  CHBISTISON,  President,  io  the  Chair. 
The  followiDg  Communications  were  read  : — 

1.  On  the  Homologies  of  the  Vertebral  Skeleton  in  Osseous 
Fishes  and  in  Man.     B;  Professor  Macdonald. 

After  a  brief  notice  of  the  eeTOO  bi-vertebral  aegments  of  the 


1.  The  Uypo-cianial,  or  the  axis  and  atlas  vertebne,  which  is 

adopted  as  a  key  to  the  cranial  segments ; 

2.  Para-cranial,  or  occipital ; 

3.  Wormi-epiotic  parietal,  ur  meta-cranial ; 

4.  Sphenoidal,  or  meso-cranial ; 

5.  £tb  mo -frontal — pro-cranial ; 

6.  Nasal,  or  apo-cranial. 

7.  Bhino-naeal. 

ProfesBor  Macdonald  gave  a  short  outline  of  the  osteology  of  the 
human  cranium,  in  order  to  trace  the  homologous  osteology  of  the 
osseous  fishes,  or  ichthyia. 

The  great  characteriBtio  of  the  vertebralia  is  the  centro-chord,  or 
axis,  extending  through  the  whole  length  of  the  animal  from  stem 
to  stem,  artiuDd  or  upon  which  the  vertebral  column  has  been 
developed  This  has  been  demouetrated  in  the  very  earliest  type, 
both  by  the  late  Professor  Goodsir  and  Profeasor  Owen  in  the 
Amphioxus,  where  tbe  direction  of  the  anterior  portion,  as  far  as 
the  oral  cleft,  is  to  the  tip  of  the  nose  from  the  anterior  portion  of 
the  repreBentative  of  the  spinal  marrow.  Tbe  same  proof  may  be 
adduced  from  the  condition  of  the  early  human  embryo,  where 
the  anterior  of  tbe  embryo,  consisting  of  the  pro-cranium  and  part 
of  tbe  tubeictes  of  the  spine,  are  at  once  bent  downwards,  towards 
tbe  upturned  coccygeal  extremity  of  tbe  spine,  where  tbe  umbilicus 
is  afterwards  formed,  when  tbe  abdominal  or  ventral  laminn  unite 
to  close  in  tbe  abdomen.  There  is  another  Bexure  of  the  pro-cranium 
and  the  meso-craniiim  in  warm  blooded  vertebrata. 
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It  is  very  important  to  notice  tbie  last  flexure  aa  diatioctly 
marking  the  difference  between  the  warm  and  cold-hlooded  animals, 
and  to  account  for  the  necessity  of  the  temporal  squ am o- zygomatic 
limb-bearing  girdle  connecting  the  anterior  and  posterior  cranium. 

From  this  zygoma,  or  limb-bearing  zone  or  girdle,  the  maxilla 
depends  as  the  anterior  thoracic  limbe,  as  seen  in  the  annulozoa 
and  arthrozoa.  The  condyle  being  articnlated  in  the  glenoid 
cavity,  it  is  the  upper  or  homotype  of  the  brachinm  and  femur, 
and  the  homologue  of  the  qnadratum  of  the  bird,  hypotympanic, 
and  of  oeseouB  fisbes  (28,  Owen). 

He  then  directed  the  attention  to  the  reduced  scale  of  the  fieh 
cranium.  The  general  form,  from  the  great  depression  of  the 
ethmo-frontal  segment,  prevents  the  formation  of  a  pros-encephalon, 
and  even  the  meso-encepbalon  is  crushed  back  into  the  III.  or 
wonni-epiotic  parietal  segment;  the  only  encephalic  cavity  in  the 
fish  cranium,  where  not  only  the  orbit  and  the  convolntions  and 
olfactory  cells,  but  also  the  whole  otic  sensory  apparatus  with  the 
cerebellum.  This  segment  is  closed  in  by  the  development  of  the 
wormi-epiotic  spine,  which  has  hitherto  been  described  by  all 
anatomists,  from  Cuvier  and  others  on  the  Continent,  and  by  Pro- 
fessoTB  Owen,  Huxley,  Parker,  and  all  their  followers,  as  the 
occipital  bone  in  the  fish.  A  careful  re-examination  of  the  sub- 
ject will  correct  this  general  and  inconsiderate  error.  In  the 
osseous  fishes  the  occipital  bone  still  exists  in  the  bi-vertehral  con- 
dition. It,  however,  contains  the  medulla  oblongata,  and  their 
long  spines  extend  upward,  as  they  do  in  the  human  cranium,  to 
nearly  the  wormi-epiotic  spine. 

Beferring  to  the  archetype  of  Owen,  the  basi-sphenoid  (5.)  was 
shown  to  be  the  last  vertebral  centrum,  from  whence  the  basi-oranium 
extended,  without  central  joints,  to  the  anterior  glabella  frontis. 
(13,  incorrecUy  named  vomer)  is  in  fact  the  premandihle  or  incisor 
bone.  (13.)  The  vomer  is  a  vertical,  or  mediastinal  double  osseous 
septum,  set  on  the  rostrum  sphenoides  (olivaris)  in  connection  with 
the  perpendicular  plate  of  the  ethmoid  and  septum  nasi  separating 
the  olfactory  cells. 

From  (4)  the  wormi-epiotic  tuber  or  spine  the  upper  port  of  the 
ischium  is  attached  by  a  chain  of  transparent  bent  scale-bones  con- 
taining a  muscle,  seems  the  principal  paitof  the  pelvis;  it  hssalarge 
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tuberosity;  from  the  inner  part  the  ramuenseB.*  From  the  inner  and 
lower  Borface  of  the  tuber  ischii  the  femar  (51)  descends.  It  is  from 
the  inner  articulation  in  the  fishes,  instead  of  the  external  aceta- 
bulum in  the  human  pelvis,  that  the  relatioQ  between  the  tibia 
(52)  and  fibula  (58)  ib  altered.  The  fibula  is  articulated  within  the 
head  of  the  tibia ;  the  femur  overlaps  the  upper  spine  of  the 
head  of  the  tibia.  The  external  malleolus  tibi»  is  very  greatly  pro- 
longed, and  forms  the  great  oaseous  sub-opercular  cleft,  while  the 
internal  malleolus  fihube  is  embedded  iu  the  skin  behind  the  tarsal 
fin. 

The  tarsal  fin  consiets  of  oalcaneum  (55),  aelragalne  (53),  scaphoid 
(54).  Theee  Cuvier  named  radius  and  ulna,  in  which  he  was  fol- 
lowed b;  Owen,  &c.  Anterior  cuneiform  and  cuboid  tarsals  (56). 
The  phalangeal  fin  rays  (57). 

The  mietaken  homology  of  the  pectoral  fin  for  the  anterior 
inetead  of  the  posterior  extremity  baffles  all  chance  of  correct 
homology,  and  I  earnestly  hope  that  all  the  living  homologists  will 
re-examine  the  subject,  and  adopt  the  system  which  I  have  wrought 
out  for  between  forty  and  fifty  years  without  auccoeding  to  con- 
vince the  anatomists.  I  put  forth  this  final  appeal  of  the  oldest  of 
living  homologiBts  who  proposed  an  original  scheme  (my  friend. 
Professor  Grant,  University  College,  London,  introduced  that  of 
the  brilliant  but  fanciful  Greoffroy  St.  Hilaire  some  years  earlier), 
with  the  firm  conviction  that  ere  long,  after  I  have  retired,  the 
scheme  now  proposed  will  be  adopted. 


•  Oirtn'i  NomeneUtor*. 

CO.  Saprn-Bcapnla.  60.  lachinm. 

61.  SeapiUii-  51.  Femur. 

62.  Coracoid.  62.  Tibia. 

68.  Eotnenii.  68.  ABtrngalnB. 

64.  Ulna.  64.  Scaphoid. 

66.  Badins.  I  66.  Citlcaneum. 

66.  Carpal.  66.  Tarsal. 

67.  Metacarp-phalnnges.  |  67.  Tarsal  ftn  raya. 

68.  Epicoracoid.  68.  Fibula. 


byGooqlc 


ofEdmhargh,  Session  1870-71.  475 

%  Scheme  for  the  GonservatioQ  of  Bemarkable  Boulders  in 

Scotland,  and  for  the  indication  of  their  Positions  on 

Maps.    By  B.  Milne  Home,  Esq. 

Among  many  geological  questioDS  which  wait  solution'  there  is 
probably  none  more  interesting  or  perplexing  than  the  agency  by 
which  Boulders  or  "  blocs  erratiques,"  as  tbe  French  term  them, 
have  come  to  their  present  sites.  I  allnde,  of  course,  not  to  blocks 
lying  at  the  foot  of  some  mountain  crag  from  which  they  have 
fallen  by  tbe  decay  or  weathering  of  tbe  overhanging  rocks,  but  to 
blocks  which  have  msnifeatly  been  transported  great  distances, 
after  being  detached  from  tbe  rocks  of  which  they  originally 
formed  part. 

That  many  of  the  large  isolated  blocks  lying  on  our  moantain 
sides  and  on  our  plains  have  come  from  a  distance,  and  by  some 
means  of  tremendous  power,  ie  obvious  even  to  an  unscientific 
observer;  and  tbe  perception  of  this  truth  by  tbe  popular  mind  has, 
in  many  cases,  so  invested  these  boulders  with  superstitions  interest, 
that  they  have  received  names  and  given  rise  to  legends,  which 
impute  tbe  transport  of  them  to  supernatural  agents. 

There  are  two  circumstances  wliich  very  plainly  indicate  that 
these  stones  are  strangers. 

One  is,  that  many  of  these  blocks  are  on  examination  found  to 
be  different  from  any  of  the  rocks  prevailing  in  or  near  tbe  dis- 
trict where  they  are  situated. 

The  other  is,  that  some  of  these  blocks,  whilst  excessively  hard, 
— BO  bard  that  it  is  difScult  to  break  off  a  portion  with  the  hammer, 
are  nevertheless  round  in  form — a  form  evidently  acquired  by 
enormous  friction — such  friction  ae  would  result  from  being  rolled 
a  long  way  over  a  rough  surface. 

The  inference  drawn  from  these  two  facts  was  confirmed  when 
it  was  discovered,  as  in  many  cases  it  was,  that  rocks  of  the  same 
nature  as  the  block  existed  in  a  distant  part  of  tbe  country,  and 
from  which,  therefore,  it  had  probably  come. 

These  round  shaped  blocks  were  tbe  first  to  attract  popular 
attention.  Tbe  name  given  to  them  in  Scotland  of  boiddert  has 
no  doubt  been  suggested  by  their  shape. 

It  is  accordingly  only  the  rounded  bonlders  which  possess  the 
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traditionary  names  and  curious  legenda  by  which  many  of  them 
are  known.  Such  names  as  the  Carlin's  Stane,  the  Witch's  Stane, 
Pech  01  Pict'e  Stone,  Glachannadruid,  Kirk-Stane,  Fedlar'e  Stane, 
Thuggart  Stane,  and  Devil's  Putting  Stane,  aio  all  applicable  to 
rounded  blocks. 

When  the  geologist  turned  ki»  attention  to  the  subject,  it  was 
soon  discovered  that  there  were  many  blocks  equally  entitled 
to  he  called  erratic,  not  round  but  square  abaped ;  and  which, 
though  discovered  to  belong  probably  to  rocks  at  a  great  distance, 
yet  showed  signs  of  little  or  no  attrition.  Moreover,  many  of  these 
angular  or  sharp-edged  blocks  were  comparatively  soft  and  loose  is 
strncture,  so  tbat  they  coutd  not  have  been  rolled,  for  any  con- 
siderable distance,  without  being  broken  or  crushed  into  pieces,  or 
into  Band  or  mud. 

On  a  more  minute  inspection  and  study  of  these  erratic  blocks, 
certain  features  were  noticed  which  seemed  to  indicate  the  forces 
to  which  tbey  had  been  subjected.  Thus  on  many  of  them,  deep 
scratches,  ruts,  and  groovinga  were  found,  ae  if  sharp  pebbles  or 
stones  harder  than  themselves  bad  been  pushed  over  them,  or 
squeezed  against  them  under  great  pressure.  It  was  also  observed 
that,  when  a  block  had  a  long  and  a  short  axis,  the  longer  asis  was 
generally  parallel  with  any  well  marked  scratches  or  striaa  on 
their  surface ;  and  moreover  that  the  direction  of  these  strice  fre- 
quently coincided  with  the  direction  in  which  the  block  itself  bad 
apparently  come  from  the  parent  rock. 

These  circumstances  soon  led  geologists  to  speculate  on  the 
nature  of  the  agencies  which  could  have  effected  a  transport 
of  the  blocks.  Some  blocks  are  of  enormous  size,  exceeding 
1000  tons  in  weight.*  Many,  before  they  could  have  reached  the 
places  where  they  were  found,  must  have  travelled  fifty  or  sixty 
miles,  and  have  crossed  valleys  and  even  ranges  of  hills.  In  the 
county  of  Berwick,  for  example,  there  is  a.  large  block  of  gneiss,  a 
rock  which  exists  nowhere  in  that  county  or  in  the  south  of  Scot- 
land ;  and  if  it  came  from  some  of  tlie  bills  In  the  Highlands,  it 
must  have  crossed,  not  only  the  valley  of  the  Forth,  but  the  Kil- 
syth, Fentland,  and  Lammermoor  Hills. 

*  The  celebrated  block  near  Nenfchiitel,  called  "  Pierre  1  bot,"  contaiuB 
aboQt  1460  cnbie  yarda  of  Btone,  and  ia  auppoged  to  weiKb  about  2000  tons. 
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Sii  Jamea  Hall  and  Sir  Gkorge  MackeDzie  in  this  SocieQr,  who 
were  the  first  to  etudy  the  sabject,  advocated  the  idea  of  dilavial 
agency.  At  a  later  period,  ice  in  various  forme  waa  enggeated  as 
the  agent, — First,  in  the  condition  of  glaciers  filling  our  valleys ; 
next,  in  the  condition  of  icebergs  floating  over  out  island,  whilst 
under  the  sea;  and  latterly,  as  a  great  sheet  or  cake  stretching 
from  the  Arctic  regions,  and  overspreading  the  whole  of  northern 
Europe. 

It  is  not  my  intention  to  discues  these  theories,  or  say  which 
appears  the  most  probable.  I  allude  to  them  now,  merely  to  in- 
dicate the  tremendous  character  of  the  agencies,  which  it  is  found 
necessary  to  invoke  for  the  solution  of  the  problem, — agencies 
all  implying  a  very  difTerent  condition  of  things  in  Scotland,  as 
regards  configuration  of  surface  and  climate,  from  what  now  pre- 
vails. These  phenomena  are  the  more  interesting,  becanae,  as 
most  of  the  erratic  blocks  lie  above  all  the  rocks,  and  very  frequently 
even  above  the  beds  of  clay,  gravel,  and  sand,  which  oonstitute  the 
surface  of  the  land  we  inhabit,  they  indicate  probably  the  very  last 
geological  changes  which  occurred  in  this  part  of  the  earth's  anr- 
face,  and  which  there  are  some  grounds  for  supposing,  may  even 
have  occurred  since  this  country  was  inhabited  by  man. 

The  basis  on  which  geologists  have  been  obliged  to  hnild  their 
theories,  it  must  be  admitted,  is  somewhat  narrow.  It  consiats 
merely  of  observations  made  ossually  by  individuala,  who  have 
noticed  certain  appearances  in  diatricta  of  Scotland  which  they 
happen  to  have  visited ;  and,  therefore,  it  ia  little  to  be  wondered 
at,  that  more  than  half  a  century  has  been  required  for  procuring 
the  information,  scanty  as  it  is,  which  has  been  obtained. 

What  appears  desirable  for  expediting  the  solution  of  the  pro- 
blem, is  to  organise  a  staff  of  observers,  and  to  parcel  out  the 
country  amongst  them,  for  the  purpose  of  obaerving  facts  likely 
to  throw  light  on  tbe  anbject,  and  of  making  theae  facts  known 
from  time  to  time,  both  with  a  view  to  verification,  and  as  a  baaia 
for  further  speculation. 

It  has  occurred  to  me,  that  the  numerous  natural  history  societies 
and  field  clubs  existing  in  Scotland,  would  he  valuable  agents 
in  this  investigation ;  and,  moreover,  that  individual  geologists 
would  be  pleased  to  co-operate  in  their  respective  districts. 
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1  hope  DO  one  will  think  that  the  object  for  which  I  Haggeet  thia 
inTefltigation,  ie  not  worthy  of  the  trouhle  which  it  implies,  and  of 
the  patron^e  which  I  aek  this  Society  to  bestow  on  it.  These 
erratic  blocks  bear  the  same  relation  to  the  history  of  our  planet, 
as  the  ancient  standing  or  memorial  stones  do  to  the  history  of  the 
early  races  of  mankind.  These  laat- mentioned  s  ton  es,^-eo  me  times 
with  sculptnring  on  tbem  not  yet  nuderstood,— aometimes  arranged 
in  circles  or  other  regular  forma  not  yet  explained, — sometimes  found 
in  connection  with  sepulture,  are  beheld  and  studied  with  interest, 
on  account  of  the  gleams  of  light  which  they  throw  on  the  people 
who  erected  them ;  and  popular  indignation  justly  rises,  when  any 
of  these  prehistoric  records  of  our  ancestors  are  destroyed  or  muti- 
lated. The  great  boulder  stones  to  which  I  have  been  referring 
would,  if  investigated  and  studied,  in  like  manner  cast  light 
on  the  last  tremendous  agencies  which  have  passed  over  whole 
regions  of  the  earth.  It  is  therefore  important  to  have  as  many  of 
these  boulders  as  possible  discovered  and  examined,  and  to  have 
such  of  them  preserved  as  seem  worthy  of  study.  I  need  not  say 
how  rapidly,  during  the  last  century,  both  classes  of  ancient  stones 
have  been  disappearing;  and  therefore,  if  it  he  desirahle  to  pre- 
serve the  most  remarkable  boulders,  or  at  all  events  to  record  their 
existence,  and  their  geological  features,  the  investigation  which 
I  advocate,  cannot  be  too  soon  begun. 

Alike  in  illustration  and  in  recommendation  of  this  suggestion, 
I  will  refer  to  an  investigation  for  the  same  object  commenced  two 
years  ago  in  Switzerland,  and  in  the  adjoining  parts  of  France. 
The  design  was  twofold, — Firtt,  the  conservation  of  remarkable 
boulders  situated  on  the  Jura  and  in  Danphiny;  and  leeond,  the 
recording  of  their  positions  by  maps,  and  of  their  characteristic 
features  by  schedules. 

With  this  view  a  circular  was  drawn  out,  and  issued  by  the 
Swiss  Geological  Commission,  poiuting  out  the  scientific  bearings 
of  the  subject,  and  invoking  the  co-operation  not  only  of  provincial 
societies,  but  also  of  municipal  authorities  in  the  cantons,  and  of 
landed  proprietors.  A  few  extracts  from  the  Swiss  circular  may 
not  be  inappropriate  : — 

"  These  erratic  blocks  are  composed  of  granite,  schist,  or  lime- 
"  stone ;  but  they  rest  on  rocks  of  a  different  description.    They 
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*'  were  so  Temarkable  by  their  nomber  and  size,  that,  from  an 
"  early  period,  they  attracted  the  attention  of  naturalists,  and 
"  suggested  scientific  inquiries.  It  is,  indeed,  interesting  to  seek 
"  to  comprehend  how  enormous  masses,  with  from  40,000  to  50,000 
"  cubic  feet  of  contents,  and  weighing  from  800  to  1000  tons,  could 
"  he  transported  from  the  Alps  from  which  they  were  evidently 
"  detached,  to  spots  40  and  50  let^^es  distant,  crossing  deep 
''  valleye,  such  as  the  lakes  of  Geneva,  Neufcbatel,  Zurich,  Con- 
"  stance,  Lnceme,  &c. 

"  This  great  problem  has  been  discnssed  by  namerons  philo- 
"  sophers,  both  of  Switzerland  and  of  foreign  conntries."  Then 
follows  a  list  of  names,  including  those  of  our  own  Flayfair,  Lyoll, 
Muichison,  Forbes,  Tyndall,  and  Bamsay. 

"  Unhappily,''  (the  circular  goes  on  to  state),  "  dnring  the  last 
"  100  or  150  years,  these  erratics  have  been  broken  up  for  building 
"  purposes,  and  even  for  road  metal.  Becently  the  work  of  destruc- 
"  tion  has  gone  on  more  rapidly,  and,  unless  stopped,  the  result 
"  will  he  to  obliterate  all  traces  of  one  of  the  greatest  facts  in  the 
"  natural  history  of  our  country. 

"  Though  the  destruction  of  these  blocks  is  now  advancing  with 
"  great  rapidity,  there  are  still  a  number  of  very  la^e  specimens 
"  left,  and  these  the  Geological  Commission  is  anxious  to  pce- 
"  servo." 

"  The  members  of  Archceological  Societies  are  interested  in  the 
"  conservation  of  these  blocks,  for  they  often  bear  those  curious 
"  sculpturingB,  to  which  much  importance  is  now  justly  attached." 

"  The  lovers  of  legends  must  regret  to  see  these  blocks  disap- 
"  pearing,  for  ancient  tradition  tells  bow  some  have  been  flung  by 
"  the  Devil  on  a  poor  hermit ;  that  another  bears  tbe  name  of  a 
"  fish  merchant  in  a  town  of  which  there  is  now  no  trace,  &c. 

"  The  Geological  Commission  considers  that  the  time  has  come 
"  for  appealing  to  all  who  have  any  power  over  the  fate  of  these 
"  blocks,  that  is  to  say,  to  individual  proprietors,  to  communal 
"  authorities,  and  to  municipalities.  The  Commission  also  entreats 
"  natural  history  societies,  Alpine  clubs,  and  public  bodies,  to  co- 
"  operate  in  this  work,  in  order  to  preserve  for  Switzerland  a 
"  feature  of  the  country,  which,  if  not  altogether  peculiar  to  it,  is 
"  at  all  events  better  developed  there  than  in  any  other 

DiqitlzscbyGOOqlC 


480  Proceedings  of  the  Royal  Society 

Beflidea  making  an  appeal  for  the  consenratioD  of  bouldere,  tbe 
same  Swies  Geological  GommiBHion  snggeated  the  propriety  of 
marking  their  exact  poeition  on  the  GoTemmetit  mapB. 

They  farther  expieesed  a  hope  that  these  meaeureB  might  reach 
even  beyond  the  fioDtiers  of  Switzerland,  and  they  referred  to  an 
offer  made  by  a  French  geologist  to  draw  up  an  account  of  the 
Erratics  of  SoaaiM,  with  the  view  of  obtaining  co-operation  from 
that  qaarter. 

A  committee  was  appointed  to  carry  out  these  views,  supply  the 
necessary  schedules  and  maps,  and  conduct  the  ooireapondeDce. 

I  shall  next  explain  what  resulted  from  the  appeal.  Tbe  oircalar 
containing  it  was  issued  in  the  antumn  of  18G7,  and  I  now  qnote 
from  a  report  presented  to  the  Helvetic  Society  of  Natural  Sciences 
at  a  meeting  in  Augost  1869,  drawn  up  by  Messrs  Favre  and  Soret. 

They  state  that,  very  soon  after  the  commencement  of  the  inves- 
tigation, it  was  found  desirable  not  to  limit  it  to  boulders,  but  to 
include  a  description  of  enormous  heaps  of  gravel,  existing  in  many 
districts,  having  the  appearance  of  ancient  moraines,  and  in  that 
view  likely  to  throw  light  on  the  mode  in  which  the  boulders  were 
transported.  Accordingly,  instroctiens  were  given  to  indicate  on 
the  maps  the  position  of  these  gravel  accumnlations  as  well  as  of 
boulders. 

Messrs  Favre  and  Soret  then  narrate  what  had  been  done  daring 
the  previous  year  in  the  different  cantons,  and  from  their  report 
I  give  the  following  extracts  :— 

In  the  first  plaoe,  they  acknowledge  the  liberality  of  Colonel 
Siegfried,  the  Director  of  tbe  Federal  Topographical  Department, 
in  supplying  maps  to  assist  in  recording  the  observations. 

They  farther  acknowledge  tbe  assistance  which  Colonel  Siegfried 
had  given  to  the  investigation,  by  iasuing  instructions  to  the 
engineers  surveying  the  slopes  of  tbe  Jura,  to  indicate  on  the  maps, 
and  to  describe  in  their  reports,  any  remarkable  erratic  blocks  they 
met  with. 

Befereace  is  next  made  to  the  proceedings  of  the  societies  and 
clubs  in  the  different  cantons.  In  some  of  the  larger  cantons,  as 
Laixme  and  Vaud,  the  country  had  been  divided  into  five  and  six 
compartments,  and  a  small  subcommittee  of  members  had  been 
appointed  to  explore  each,     In  one  of  these  cantons,  the  municipat 
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authorities  hod  given  ordeis  to  the  inBpectors  of  roads  and  bridges 
to  aid  in  the  inTeatigation. 

In  the  canton  of  Zurich,  notice  is  taken  of  one  remarkable  block, 
known  as  the  "Stone  for  the  sacrifices  of  HegtriUt,"  which  bod 
been  purchased  by  the  Society  of  Antiquaries,  and  bad  been 
brought  into  the  town  of  Zarioh. 

In  the  canton  of  Sdewe,  blocks  of  eaormoue  size,  and  to  the 
number  of  228,  had  been  marked,  and  appointed  by  the  municipal 
authorities  to  be  preserved,  these  blocks  being  situated  on  lands 
belonging  to  the  canton.  The  celebrated  block  of  Steinhof,  weigh- 
ing about  1400  tons,  had  been  purchased  by  means  of  a  special 
Bubficription,  and  made  over  in  property  to  the  Helvetic  Society. 

Several  landed  proprietors  are  named  as  having  gifted  particular 
boulder  stones  to  the  societies.  Thus  Mr  BHganti,  at  Monthey, 
had  gifted  to  the  Helvetic  Society  one  block  out  of  a  remarkable 
group,  of  which  I  well  remember  the  late  Principal  Forbes  once 
spoke  in  this  Society,  and  which  I  had  lately  an  opportunity  of 
visiting.  So  also  Hr  Bonneton  of  Geneva  bad  presented  to  the 
Alpine  Club  of  that  town  a  piece  of  land,  containing  what  is 
described  as  a  magnificent  boulder,  and  known  by  the  name  of  the 
"  Stone  of  Beauregard." 

Even  the  Federal  Government  of  Switzerland  had  condescended 
to  share  in  what  really  seems  to  amount  almost  to  a  national 
movement;  for  reference  is  made  to  an  official  communication  from 
the  Chancellor,  stating  that  the  Council  of  State  had  caused  an 
order  to  be  issued,  that  all  erratic  blocks  situated  in  the  cantonal 
forests  should  be  preserved  intact,  till  examined  by  the  committee. 

I  have  hod  sent  to  me  a  printed  report  of  the  steps  taken  in  the 
canton  of  .ilor^au,  drawn  out  by  Professor  MUblberg.  He  men- 
tions that  one  of  the  measures  taken  there,  was  the  appointment 
of  a  referee  to  inspect  the  boulders  which  were  discovered,  with 
the  view  of  determining  whether  they  were  worthy  of  being  pre- 
served. Frofeesor  Miihlbeig  mentions  farther,  that  "the  State 
"  undertakes  the  expense  of  printing  and  postages,  as  well  as  of 
"  the  travelling  of  the  canton  referee  to  the  sites  of  the  most 
"  important  boulders,  and  had  in  the  meantime  advanced  100  francs 
"  to  defray  expenses  already  incurred." 

These  extracts  from  the  reports,  of  which  printed  copies  have 
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been  kindly  sent  to  me  by  ProfesBor  Favie  of  G^eneva,  ahow  vbat 
u  doing  in  Switzerland  for  tbe  promotion  at  on  object  wbicb,  under 
the  auspices  of  this  Royal  Society,  I  should  wish  to  see  token  up 
in  Scotland.  And  before  concluding  what  I  have  to  say  about  the 
Swiss  movement,  I  may  refer  to  one  circumstance  which  ought  to 
be  gratifyiug  to  Scotchmen,  viz.,  that  the  Swiss  naturalists  retain 
a  grateful  recollection  of  what  has  been  done  by  Scotchmen  for 
esploriug  and  making  known  the  inteiesting  physical  features  of 
their  beautiful  country.  Not  only  have  they,  in  specifying  the 
names  of  geologists  who  have  written  on  Switzerland,  included  all 
the  Scotchmen  who  have  done  so,  but  I  see  in  one  of  Professor 
Favre's  pamphlets,  written  in  connection  with  this  movement, 
allusion  to  tbe  year  1741,  "  when  (he  says)  the  English  first  pene- 
"  trated  into  the  valley  of  Chamounix," — "and  gave  to  that  valley 
"  a  celebrity,  which  the  previous  visits  of  several  bishops  had  not 
"  obtained  for  it,"  Professor  Favre  records  the  names  of  these 
English  visiton,  and  among  them  are  "  Lord  Haddington  and  his 
"  brother,  Mr  Baillie."  The  pamphlet  mentioning  these  names  I 
sent  to  the  present  Earl  of  Haddington,  that  be  might  see  the 
courteous  allusioD  to  his  ancestor ;  and,  in  returning  the  pamphlet, 
he  referred  me  to  a  paragraph  in  Douglas's  Peerage,  which  men- 
tions the  fact  that,  in  the  year  1740,  tbe  Earl  of  HaddingtoD  and 
bis  brother,  George,  set  out  on  their  travels  to  the  Continent,  and 
were  for  some  time  located  with  other  friends  at  GFensva — one 
of  these  being  Stillingfieet,  famous  in  his  day  as  a  naturalist,  and 
who  in  one  of  his  works  alludes  to  the  very  agreeable  reuniona  of  his 
countrymen  which  took  place  at  Geneva  and  the  neighbourhood. 

I  will  next  refer  briefly  lo  the  steps  taken  in  the  south  of 
France  in  co-operation  with  the  Swiss  movement.  These  began 
by  a  communication  from  Professor  Favre  to  Uons.  Belgraud,  who, 
besides  being  President  of  the  Geological  Society  of  France,  was 
Inspector- General  of  Bridges  and  Roads,  a  Government  Depart- 
ment. This  commuoication,  which  explained  the  object  of  the 
Swiss  investigations,  and  also  what  was  being  done  by  the  different 
cantonal  societies  and  municipalities,  was  referred  by  Sfons.  Ber- 
traod  to  two  members,  Messrs  Falsan  and  Chantre,  to  report  on. 

It  is  from  their  report,  the  remarks  of  Mons.  Bertraud  upon  it, 
and  some  notes  of  a  subsequent  date,  published  in  the  Transactions 
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of  the  Geological  Society  of  France  for  December  1869,  that  I 
make  the  following  extracts : — 

The  great  interest  attaching  to  the  investigation  is  allowed  b; 
the  reporters,  and  a  compliment  is  paid  to  the  Swiss  naturalists  for 
commoDcing  and  urging  it. 

Beference  ia  made  to  the  rapid  disappearance  of  the  boulders, 
and  especially  limestone  boulders,  which  were  generally  broken 
up  for  limekilns.  The  reporters  state  that  near  Lyons,  the  greater 
part  of  the  boulders  had  been  destroyed  long  ago,  and  in  particular 
one  weighing  about  150  tons,  which  marked  the  point  where  the 
boundaries  of  three  parishes  met. 

Examples,  however,  of  remarkable  boulders  still  untouched,  with 
legends  attached  to  some,  are  specified,  such  as  tlie  "  Pierre  du 
Bon  Dieu,"  of  120  tons,  and  the  "  Pierre  dn  Diable,"  of  S6  tons, 
which  it  is  strongly  recommended  should,  with  many  others  of  less 
note,  be  saved  from  destruction  or  injury. 

fieference  is  then  made  to  the  steps  which  should  be  taken  to 
carry  out  these  views.  Circulars,  it  is  said,  should  be  drawn  up, 
and  sent  not  only  to  the  public  departments  which  superintend  the 
management  of  Government  or  communal  lands,  but  also  to  indi- 
vidual landed  proprietors,  pointing  out  the  scientific  interest  attach- 
ing to  these  erratic  blocks. 

These  suggestions  were  at  once  favourably  responded  to  and 
acted  on.  Three  public  departments  or  functionaries,  viz.,  the 
Minister  of  Public  Works,  the  Director- General  of  Forests,  and 
the  Prefects  in  each  of  the  provinces  of  Savoy,  High- Savoy,  Ain, 
Rhone,  and  Is^r^— all  adjoining  Switzerland — are  stated  to  have 
lent  their  willing  co-operation. 

Afler  the  project  had  received  the  approbation  of  the  Geological 
Society  of  France  and  the  promise  of  important  official  support,  an 
appeal  to  the  friends  of  Natural  Science  was  drawn  up  by  Messrs 
FaJBon  and  Chantre  very  similar  to  the  appeal  which  bad  been 
previously  drawn  out  and  issued  in  Switzerland.  This  appeal, 
after  describing  the  movement  and  proceedings  in  Switzerland, 
proceeds  thus: — "  Such  is  the  object  pursued  vigorously  in  Switzer- 
"  land  with  the  co-operation  of  departments  and  of  individuals. 
"  In  a  word,  see  what  is  going  on  near  ourselves.  Can  we  remain 
"  outside  of,  and  indifferent  to,  this  scientific  enterprise,  especially 
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when  Mens.  Favre  has  asked  ub  to  engage  io  the  Bame  work,  and 
to  undertake  for  onr  country  what  he  is  doing  for  his  ?  We  are 
bound  to  answer  this  appeal.  The  eolution  of  the  same  questions 
ought  to  occupy  ns.  These  erratic  phenomena  abound  every- 
where  in  our  dietrict.  The  debris  of  rocka  torn  from  the  Alps 
cover  the  plain  of  Dauphiny,  the  platean  of  the  Dombes,  the  hills 
of  Croix,  BouBse,  and  Sainte-Foy.  Already  many  geologists 
have  studied  these  erratic  phenomena  in  our  aeighbonrhood, 
without  being  able  to  discover  a  solution.  The  truth,  when  we 
seek  it,  seems  to  fly  from  us ;  but  we  moat  persevere  and  puisne 
it  till  it  is  caught. 

"  Our  desire  is  simply  to  prevent  the  destruction  of  the  most 
remarkable  blocks,  and  leave  them  on  their  natural  sites,  and 
also  to  obtain  a  collection  of  specimens  to  illustrate  them,  and 
we  hope  that  our  administrations  will  in  this  object  not  be  behind 
those  of  Switzerland  and  the  department  of  Haute  Savoie.    Their 
example  would,  we  doubt  not,  be  followed  by  individual  proprie- 
tors, where  boulders  cease  to  be  regarded  as  mere  masses  of  stone 
of  unusual  size,  but  without  scientific  value." 
Besides  this  appeal,  printed  copies  of  which  were  extensiToly 
oireulated,  directions  and  schedules  were  drawn  out  to  be  trans- 
mitted to  local  societies  as  well  as  to  individuals  who  should  under- 
take the  investigation,  in  particular  districts,  maps  of  these  districts 
being  at  the  same  time  supplied. 

The  documents  from  which  I  have  made  these  extracts  were,  as 
I  have  said,  transmitted  to  me  by  Professor  Favre  of  Qeneva.    He 
wrote  to  me  at  the  same  time,  and  concluded  his  letter  by  saying, 
"  Toila,  Monsieur,  un  aper^n  de  la  marche  de  cette  entreprise.  Je 
serai  bien  beureux,  de  lo  voir  s'etendre  a  I'Ecosse." 
In  s  subsequent  letter  he  repeats  his  suggestion  thus ; — "  Si  voos 
"  pouvez  organiser  quelque  chose  de  semblable  en  Ecosse,  voub 
m'obligeiez  in£aiment,  en  me  tenant  au  courant." 
In  a  third  letter,  he  says,  "  Fermettez  moi  de  vous   renou- 
veller  la  demands  que  je  vous  ai  addresse,  en  vous  priant  de  me 
tenir  au  courant  de  ce  que  nous  ferez  pour  les  blocs  erratiques  de 
"  I'EcoBBe,  et  des  resultats  que  vous  obtiendrez," 

I  have  given  these  details  of  the  proceedings  in  Switzerland  and 
France,  and  quoted  these  pass^^  from  Professor  Favre's  lettos, 

D.q,t,:scbyG0C>^lc 


0/ Edinburgh,  Session  1870-71.  485 

in  order  both  to  add  weight  to  my  proposal,  and  ahow  how  we  may 
proceed  to  attain  it. 

I  have  alluded  to  the  existence  throughout  Scotland  of  many 
provincial  eocietiee  wboee  objects  are  not  inconsiBtent  with  the 
investigation  which  I  think  tbey  may  be  invited  to  engage  in.  Sir 
Walter  Elliot  of  Wolflee  has  lately  been  at  pains  to  make  out  a 
list  of  all  the  Natnral  History  Societies  and  Field  Clubs  existing 
in  Great  Britain  and  Ireland. 

I  now  give  this  list,  in  so  far  as  it  applies  to  Scotland,  in  the 
hope  that,  when  our  proceedings  are  published,  this  list  may  appear 
in  it,  so  that  if  any  societies  or  clubs  are  seen  to  have  been  omitted, 
the  omiEsion  may  be  taken  notice  of  and  supplied. 

1.  Berwickshire  Naturalist's  Club.     (Sewetary,  Mr  Geo.  Tate, 

FoBtmaeter,  Alnwick.) 

2.  Hawick  Archaeological  Society.     {Seeretaiy,  David  Watson.) 

3.  Tweedside  Physical  and  Antiquarian  Society. 

4.  Dumfries  and  Galloway  Natural  History  and  Antiquarian 

Society. 

5.  Edinburgh  Geological  Society.    {Secrelary,  Geo.  A.  Fanton, 

Hope  Terrace.) 

6.  Edinburgh    Naturalists'    Field    Club.     (Secretari/,    Andrew 

Taylor,  5  St  Andrew  Square.) 

7.  Glasgow  Natural  History  Society.     (Prmdent,  John  Young 

M.D. ;  Secretaiy,  Robert  Gray,  2  Lawrence  Place,  Dowan- 
hill.) 

8.  Glasgow  Geological  Society.    (Pretidmt,  John  Toung,  M.D, ; 

Seerdary,  Dugald  Bell,  136  Buchanan  Street.) 

9.  Alloa  Society  of  Natural  History  and  Archseology. 

10.  Largo  Field  Natural  History  Society.    {Seerelaiy,  Charlts 

Howie.) 

11.  Perth  Literary  and  Antti^uarian  Society. 

12.  Perthshire    Society    of    Natural    History.     {President,    Dr 

Buchanan  White  ;  SecreUiry,  A.  T.  Scott.) 

13.  Montrose  Natural  History  Society.     (Secretary,  Mr  Robert 

Barclay,) 

VOL.  VIT.  ;l    T 
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11.  Aberdeou  Natural  History  Society. 

15.  Aberdeen    Philosophical    Soeiety.       {Pretident,    Professor 

Ogilvie,  M.D.;    Secretary,  Alex.  D.  Milne,  37  Thistle 

Street) 

16.  Natural  History  Society,  Elgin, 

17.  Orkney  Natural  History  Society. 

Being  myself  a  member  of  one  of  these  Societies,  I  know  that 
some  of  its  members  have  devoted  themselves  to  the  subject  of 
boulders,  and  of  moraine -looking  deposits,  occurring  within  the 
district  over  which  the  operations  of  the  Society  extend. 

Sir  Walter  Elliot  tells  me  that  he  has  information  of  a  Field 
Naturalists'  Club  in  England  which  has  specially  directed  its  atten- 
tion to  the  boulders  of  tbe  district. 

It  is  quite  true  that,  in  Switzerland  and  in  tbe  south  of  France 
boulders,  considerable  in  size  and  numbers,  are  much  more  abun- 
dant tban  in  Scotland,  so  that  little  searching  is  required  to  eoable 
the  provincial  societies  of  these  countries,  to  carry  out  tbe  investi- 
gation proposed  to  them. 

On  the  other  hand,  let  it  not  be  imagined,  that  in  Scotland  the 
boulders  generally  are  not  of  such  interest  as  to  deserve  the  adop- 
tion of  proceedings  similar  to  those  now  being  adopted  in  Switzer- 
land and  Fiance.  Even  within  the  limited  range  of  my  own  dis- 
coveries, I  know  and  have  measured  eight  boulders  in  the  south-east 
of  Scotland,  tbe  smallest  of  which  is  10  tons  and  the  largest  918 
tons  in  weight,  and  all  possessing  features  more  or  less  significant. 

There  are  others  equally  large  which  I  have  heard  of,  but  have 
not  seen.  Moreover,  almost  all  these  boulders  have  old  traditional 
names,  and  many  of  them  legends  which  indicate,  that  they  have 
been  objects  of  popular  and  even  superstitious  regard. 

There  are  two  objects  which  ought  to  be  aimed  at.  Tbe  first  is 
to  obtain  a  list  of  all  boulders  which  appear  remarkable ;  *.«.,  re- 
markable for  size,  and  iustructive  on  account  of  polishing,  ruth 
on  the  surface,  or  any  other  circumstance.  The  second  is  to  put 
down  on  maps,  a  mark  to  represent  tbe  exact  position  of  boulders, 
occurring  in  groups,  or  of  large  individual  iHiulders. 
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Moreover,  accumulations  of  gravel,  Band,  or  els;  in  any  district, 
ID  80  for  aa  thej  seem  to  have  been  produced  by  ageote  now  no 
longer  operating  in  the  district,  should  be  notified. 

In  order  to  carry  out  theee  Buggestione,  I  would  venture  very 
respectfully  to  aak  that  the  Council  of  this  Society  should  pass  a. 
Special  Minute  expressing  approval  of  the  subject  explained  in 
this  paper,  and  appointing  a  Committee  of  the  Fellows  of  this 
Society  to  carry  out  farther  proceedings.  The  circumstance  that 
this  Society  had  expressed  its  approval,  and  taken  steps  to  aid  the 
investigation,  would  alone  ensure  for  It  a  favourable  consideration. 

The  Committee  would,  of  course,  communicate  with  the  various 
provincial  societies  throughout  Scotland,  by  enclosing  a  copy  of 
this  paper  or  an  abstract  of  it,  and  intimating  readiness  to  send  the 
necessary  Schedules  and  Directions,  should  a  willingness  be  ex- 
preseed  to  enter  on  the  investigation  proposed. 

I  have  in  these  remarks  alluded  only  to  the  steps  necessary  for 
discovering  the  existence  of  remarkable  boulders,  indicating  their 
position  on  a  map,  and  obtaining  a  correct  descriptiou  of  them. 
But  the  other  object,  which  also  engages  attention  so  much  in 
Switzerland  and  France,  should  not  be  lost  sight  of  here.  I  allude 
to  the  conservation  of  boulders.  The  disappearance  of  numerous 
camps,  buildings,  standing  stones,  and  other  objects  of  archsolo- 
gical  interest  in  all  our  counties,  which  every  one  now  regrets,  has 
been  owing  in  a  great  measure  to  ignorance  on  the  part  of  the  pro- 
prietors and  tenants  on  whose  lands  they  were  situated,  of  the 
value  and  even  nature  of  these  objects.  Butthis  work  of  destruction 
has  been  happily  now  stopped,  and  chiefly  by  the  interference  and 
influence  of  our  Society  of  Antiquaries.  In  like  manner,  the  demo- 
lition of  Boulders  which  has  been  going  on  rapidly  in  Scotland, 
will,  I  hope,  be  arrested,  when  the  proprietors  and  tenants  on  whose 
lands  they  stand,  are  made  awaie  of  the  interest  they  exoite,  and 
of  what  is  being  done  to  preserve  them  in  other  countries.  Of 
course,  it  would  only  be  certain  boulders  which  it  would  be  desira- 
ble to  preserve,  boulders  remarkable  for  size,  or  shape,  or  position, 
or  for  markings  upon  them ;  and  when  a  report  woe  made  to 
the  Committee  of  any  boulder  of  this  description,  the  Committee 
would  judge  whether  an  application  should  be  mode  to  the  pro- 
prietor on  whose  lands  it  was  situated,  to  spare  the  stone,  so  that  it 
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might  be  preserved  for  examiQation  and  Btndy.  I  have  little  doubt 
that  Buch  an  appeal  would  be  attended  to.  Indeed,  in  the  great 
majority  of  cases,  a  proprietor  would  be  pleased  to  learn,  that  an 
object  of  scientific  interost  had  been  discovered  on  his  estate,  and 
vould  be  glad  to  have  it  in  his  power  to  accede  to  any  request  id 
relation  to  it  coming  from  a  Committee  of  this  Society. 

With  regard  to  the  mode  of  meeting  the  expenses  attending  the 
investigation  and  other  proceedinge  anggeated  in  this  paper,  it 
occurs  to  me  that  subscriptions  from  individuals  shnuld  be  chiefly 
relied  on,  and  that  the  Council  of  this  Society  should  only  promise 
such  aid  as  the  state  of  the  Society's  funds  and  their  appreciation 
of  the  proceedings  of  the  Committee,  may  suggest  to  them.  The 
Committee  will,  no  doubt,  make  a  Beport  at  least  once  a  year  of 
their  proceedings,  which  the  Council  may  allow  to  be  read  at  a 
meeting  of  the  Society,  if  its  contents  were  sufficiently  interesting. 

3.  Note  of  a  New  Form   of  Armature  and  Break  fur  a 
Magneto-Electric  Machine.     By  R.  M.  FerguBon,  Ph.D. 

The  magneto- electric  machine,  which  I  am  about  to  describe, 
approximates  in  its  general  arrangements  to  Ladd's  haud-machine. 
In  it  Mr  Ladd  makes  use  of  a  compound  Siemens'  armature,  con- 
sisting of  two  separate  armatures  placed  in  length,  and  revolving 
round  the  same  axis,  with  their  coils  at  right  angles  to  each  other. 
The  armature  revolves  between  the  poles  of  an  electro-magnet,  of 
the  description  introduced  by  Mr  Wilde.  The  electro- magnet,  in 
the  present  instance,  is  made  of  a  rectangular  piece  of  boiler-plate, 
three-quarters  of  an  inch  in  thickness,  bent  so  as  to  form  three  sides 
at  right  angles  to  each  other,  as  shown  (in  section)  in  fig.  ] .  The  up- 
right sides  (P  P'  P)  are  nearly  9  inches  high  and  11  inches  in  length, 
and  the  top  of  the  same  length  is  6  inches  broad.  Pieces  of  cast- 
iron  (N  and  S)  are  put  in  the  open  end  to  form  the  poles  of  the  mag- 
net. About  300  yards  of  a  double  No.  14  wire,  wrapped  round  the 
upright  sides,  make  the  coil  (C  C  C  C)  of  the  electro -magnet.  One 
of  the  armatures  in  Ladd's  machine  furnishes  a  current  to  the  coil 
of  the  electro-magnet  \  the  other  gives  out  an  external  current. 
To  distinguish  the  two,  the  counterparts  of  which  occur  in  the 
arrangement  I  bring  before  you,  I  shall  call  the  first  the  inler- 
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Dal  current,  and  the  secoDd  the  external  current ;  and  the  cuila 
fumishiDg  them  I  shall  designate  the  magnetic  coil  and  the  electric 
coil  reepectively.  The  action  of  the  magnetic  coil  is  based  on 
Siemens'  and  Wheatstone's  principle  of  reciprocal  increase.  When 
a  Siemens'  armature  revolves  between  the  poles  of  bd  electro- 
magnet, what  feeble  magnetism  there  may  be  in  the  iron  core 
generates  a  feeble  current  in  the  armature  coil.  This  current,  by 
a  commutating  arrangement  of  revolving  collar  and  springs,  is  sent 
into  the  coils  of  the  electro- magnet,  which  in  consequeuce  rises  in 
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power.  It  is  now  able  to  escite  a  stronger  armature  current, 
thereby  rendering  itself  still  more  powerful,  and  this  mutual  action 
goes  on  until  the  driving  force  is  insufficient  to  continue  the 
action.  Ladd  has  ingeniously  turned  this  principle  to  account  in 
his  machine,  the  magnetic  coil  of  which  furnishes  electricity  for 
the  electro- magnet,  and  this  last  is  thereby  rendered  competent  to 
generate  electricity  in  the  electric  coil  available  for  external  use. 

Wishing  to  make  a  machine  to  give  off  a  current  equal  to  a  few 
cells  of  Bunsen,  I  thought  of  trying  the  following  deviation  from 
Ladd's  construction: — Instead  of  having  two  separate  armatures 
revolving  on  the  same  axis,  I  thought  one  might  serve,  in  which 
two  coils  were  inserted,  the  one  at  right  angles  to  the  other.  In 
tlie  revolution  of  a  Siemens'  armature  there  are  two  polarities,  so 
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to  apeak,  one  only  of  which  is  utiliaed,  viz.,  that  which  takes  place 
(fig.  2)  when  the  greatest  length  of  the  iron  core  lies  in  the  line 
joining  thu  two  poles ;  the  other  polarity  ensues  when  this  main 
axis  is  perpendicular  to  the  line  of  poles  (fig.  3).     This  second 


Fig.  2.  Fig.  3. 

polarity  is,  fiom  the  less  favourahle  position  of  the  core,  neceBsarily 
weaker  than  the  first ;  but  it  struck  me  that  it  might  he  quite  suffi- 
cient to  furnish  the  internal  current,  leaving  to  the  more  powerful 
polarity  the  task  of  generating  the  external  current.  Another 
advantage  seemed  to  flow  from  this  utilisation.  When  an  armature 
without  coil  or  closed  circuit  revolves  within  a  magnet,  the 
energy  expended  in  its  motion  heats  its  particles.  When  the 
core  is  provided  with  a  coil  and  closed  circuit,  part  of  this  energy, 
instead  of  assuming  the  form  of  heat,  is  transmuted  into  the 
energy  of  an  electric  current,  and  the  electricity  induced  is  so 
much  deducted  from  the  heat  that  would  otherwise  appear  in  the 
armature.  In  the  ordinary  construction  the  weaker  polarity,  being 
unprovided  with  a  coil,  results  only  in  heat ;  but  if  it  be  furnished 
with  such,  as  in  the  arrangement  I  suggest,  and  its  molecular 
energy  thereby  tapped,  so  to  speak,  the  heat  of  the  armature  may  be 
partially  withdrawn  in  the  shape  of  an  electric  current.  A  current 
sufficient  to  magnetise  the  electro- magnet  may  thus  be  got,  for  do 
additional  expenditure  of  force,  but  only  by  the  conversion  of  heat 
that  would  otherwise  be  mere  waste,  so  far  as  the  action  of  the 
machine  was  concerned.  When  one  of  Wilde's  small  machines,  in 
which  abatteryof  permanent  magnets  is  used  instead  of  an  electro- 
magnet, is  turned  by  the  hand,  additional  resistance  is  felt  on  the 
armature  circuit  being  closed  more  especially  hy  a  short  wire.  The 
current  got  from  the  armature  would  thus  seem  to  he  formed 
partially  from  the  conversion  just  mentioned,  and  partially  from  a 
new  access  of  force  demanded  by  the  creation  of  the  current.  In 
the  arrangement  I  here  describe,  a  difierent  action  takes  place,  for 
when  the  coil  of  the  electro-magnet  is  disjoined  from  the  magnetic 
coil  and  included  in  the  circuit  of  a  single  Bunsen  cell,  the  feeling 
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of  diminished  reeistonce  ia  nearly  as  decidedly  felt  aa  that  of  in- 
creased resistancii  in  Wilde's  machine  on  cloeiag  the  electric  coil 
circuit.  The  same  feeling  ia  not  so  decided  in  the  case  of  the 
magoeticcoil,  and  this,  no  doubt,  arises  from  its  smaller  dimensions ; 
at  any  rate,  there  is  no  additional  force  needed.  Whether  this  action 
has  ita  origin  in  an  essential  difference  in  the  action  of  permanent 
magnets  and  electro-magnets  in  these  circumstances,  or  in  some 
peculiarity  of  construction,  is  immaterial  to  the  present  inquiry, 
for  to  all  appearance  the  armature  currents  cost  no  additional 
energy,  but  are  got  entirely  from  the  waste  heat  of  the  armature. 

The  core  of  the  armuture  (fig.  4  a)  is  11  inches  long  and  2J  inches 
in  diameter.     The  main  longitudinal  cut  or  groove 

If  inch  wide  and  ^  inch  deep.     The  small  cut 

f  of  an  inch  wide  and  J  of  an  inch  deep.*     In 

the  large  cut  is  wound  the  electric  coil,  consisting 

of  a  cable  of  8  silk-insulated  wires,  ,',  of  an  inch 

in  diameter,  and  82  feet  long.     The  magnetic  coil 

in  the  small  cut  is  made  of  a  cable  of  four  such 

Fig.  4  a. 
wires,  46  feet  in  length.     The  electric  coil  thus 

contains  about  four  timea  as  much  wire,  and  offers  about  the  same 
electric  resistance  aa  the  m^netic  coil. 

The  two  grooves  leave  four  protruding  ends  at  each  end  of  the 
armature.  To  theae  are  screwed  a  bronze  cap  and  spindle  of  re- 
volution (fi^.  4  and  5,  which  are  on  a  larger  scale  than  Sg.  ia). 

Fig,  4.  Fig.  5. 

A  collar  of  wood  (a)  is  fixed  next  to  the  spindle,  and  on  this  collar 
two  ferrules  of  iron  (//fig-  5)  are  put,  separated  by  tJie  wood  to 
prevent  contact.  To  these  ferrules  the  wires  from  the  coils  (  +  -  ) 
are  soldered,  care  being  taken  to  prevent  unnecesaary  contact.  A 
cylindrical  collar  (C  C  fig.  4)  turns  on  the  ferrules,  and  can  be 
tamed  round  and  fixed  in  any  position  by  screws  («  »  fig.  4).  The 
collar  is  made  up  of  three  parts,  two  pieces  of  iron  (one  is  shown 
*  Id  the  tigata  both  cuU  to  be  Bhowii  clearlf  appOHt  nf  the  same  size. 
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Id  fig.  7)  cut  out  of  the  eame  tube  and  kept  from  touching,  by  being 
fixed  to  a  vulcanite  ferrule  (u  in  fig.  6,  which  shows  the  inside  of 
half  the  collar)  placed  inside  and  between  them.  The  ends  of  the 
iron  pieces  slide  on  the  iron  ferrulee  beneath,  aud  are  in  conducting 
conDectioD  with  them.  Electrical  contact  is  made  by  springs  press- 
ing CD  this  composite  collar,  and  which  are  metallically  connected 
with  the  binding  screws,  the  poles  of  the  armatnre  coils.  The  collar 
and  springs  at  each  end  form  the  breaks  or  commutating  arrange- 
ment of  their  respective  coils.  The  cross  line  of  separation  (e  e  fig. 
4)  cao  be  fixed  in  any  position,  and  currents  in  one  or  difl'erent 
directions  thereby  obtained  in  the  course  of  a  revolution.'  The 
pressure  of  the  springs  against  the  collars  is  regulated  by  screws. 


(^ 


Fig.  6.  Fig.  7, 

When  the  machine  is  prepared  for  working,  the  cross  lines  of  the 
commutating  collar  of  the  m^Detio  coil  are  placed  at  right  angles 
to  the  plane  of  the  coil,  the  position  of  maximum  efiect.  If  the 
handle  of  the  machine  be  turned  when  the  circuit  of  the  electric 
coil  is  open,  one  or  two  turns  bring  the  hand  of  the  operator  to 
something  like  a  dead  halt;  the  resistance  to  further  motion 
is  so  great  as  to  challenge  its  continuance.  If,  now,  the 
external  circuit  he  closed,  immediate  relief  is  felt,  as  if  part  of 
the  internal  current  had  been  diverted  into  the  external  circuit 
from  the  coils  of  the  electro -magnet.  The  relief  thus  experienced, 
moreover,  bears  some  proportion  to  the  conductivity  of  the  external 
circuit.  With  an  easy  circuit,  the  work  expended  in  turning  the 
handle  is  easy  ;  with  a  resisting  circuit,  the  driving  rtsiatance 
becomes  correspondingly  great.  The  hand  is  thus  made  to  sym- 
pathise with  the  nature  of  the  external  circuit,  and  the  experi- 
menter feels  aa  if  he  were  charged  mechanically  with  a  resistance 
ofi'ered  electrically.  Suppose,  for  instance,  we  have  a  piece  of  thin 
wire  to  heat  or  melt-,  at  first  liltle  or  no  driving  resistance  is  felt, 
but  the  moment  that  the  wire  begins  to  get  hot,  the  arm  becomes 
charged  with  a  heavy  resistance,  which  grows  as  the  wire  rises  in 
temperature  till  it  melts,  and  then  suddenly  the  excessive  no-circuit 
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reBistaiioe  is  felt.  The  moment  tbat  there  is  hard  work  to  be  done 
in  the  external  circuit,  the  Btreogth  of  the  arm  is  put  to  the  proof. 
When  water  is  decompoeed  b;  the  machine,  the  strain  upon  the 
arm  does  not  rise  beyond  a  certain  amount,  at  whatever  speed  the 
handle  be  driven.  In  working  an  induction  coil,  the  load  on  the 
arm  appears  capable  of  rising  to  any  extent,  and  the  length  or 
density  of  the  spark  bears  something  like  a  proportion  to  the 
burden  of  work.  With  an  electric  resistance  great  enough,  and  an 
inexhaustible  driving  power,  there  seems  no  limit  to  the  electric 
effect  attainable,  and  that,  too,  with  little  increase  of  speed. 

When  a  tangent  galvanometer  is  interposed  in  the  external 
circuit,  something  may  be  learned  of  the  way  this  takes  plate. 
With  an  easy  circuit,  where  little  difficulty  is  felt  in  driving,  a 
current  of  about  60°  may  be  got.  When  a  thin  wire  ia  now  inter- 
posed, the  needle  does  not  reach  this  point,  for  the  wire  (iron  wire 
/^  inch  in  diameter)  melts  or  ignites  between  30°  and  40°,  and  yet 
while  the  heating  lasts  the  strain  is  enormously  greater  than  before. 
If  the  galvanometer  be  inclosed  in  the  internal  circuit,  and  the 
wire  melted  in  the  electric  circuit,  just  at  the  point  when  the  heat- 
ing begins,  the  needle  takes  a  sudden  swing  upwards.  Thus,  if  it 
be  at  20"  before  the  heating  sets  in,  it  will  rise  to  30°,  and  stay 
there  tilt  the  wire  melts,  when,  if  the  motion  be  continued,  it  again 
takes  a  start  upwards.  If  the  magnetic  coil  be  detached  from  the 
coil  of  the  electro- magnet,  and  if  its  function  be  performed  by  one 
BuDsen  cell,  this  inciease  of  load  is  not  felt,  a  greater  effect  in 
the  external  circuit  being  only  attainable  by  an  increase  in  velocity, 
and  the  same  holds  with  a  battery  of  permanent  magnets. 

That  two  separate  coils,  by  being  imbedded  in  the  same  piece  of 
iron,  should  thus  act  upon  each  other  seems  strange.  One  might  al- 
most think  that  it  arose  from  the  particlesofironrefusingto polarise 
and  unpolariee  quick  enough.  The  maximum  speed  of  revolution 
of  the  armature  is  about  2S00  times  a  minute.  The  driving  gear 
multiplies  22  times,  so  that  this  speed  is  nearly  as  much  as  the 
arm  can  effect.  A  particle  of  iron  would  have  thus  10,000  times 
to  polarise  and  unpolarise  in  a  minute.  A  little  consideration  will 
show,  however,  that  it  is  from  no  such  incapacity  on  the  part  of 
the  iron ;  for  at  the  same  rate  of  revolution,  the  two  effects  are  felt 
with  the  different  ciTCuits.    Speed  in  these  oases,  therefore,  has  not 
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overshot  the  mark.  The  cause  of  the  actiou  appears  to  me  as  fol- 
lows ; — WhfiD  the  Hoe  of  the  armature  (fig.  8)  is  vertical — wheD,  in 
fact,  the  strongest  action  is  taking  place  in  the  small  coil — the  wires 
of  the  large  coil  cut  the  lines  of  magnetic  force  between  N  and  S 
at  right  angles,  the  best  time  and  the  best  place  for  a  current  to  be 
induced  in  them.  Although,  then,  the  longitudinal  polarity  of  the 
iron  has  diiiappeared,  the  coil  takes  up  the  action  and  makes  a  north 
and  a  south  end,  even  when  the  main  lino  of  the  armature  is  up- 
right, and  should  be  free  from  polarity.  This  coil  induction  or 
polarity  is  feeble,  contrasted  with  that  Tesulting  through  tbe  iron, 
and  would  bave  little  effect  if  the  coils  were  near  each  other  in 
size.  It  is  only  in  tbe  present  case,  where  there  ia  such  a  dis- 
parity between  the  coils,  that  the  interference  grows  to  a  sensible 
amount.  In  support  of  this  view  of  the  matter,  it  may  be  men- 
tioned that  when  tbe  larger  coil  is  connected  with  the  electro- 
magnet, little  relief  is  felt  on  an  easy 
circuit  being  made  for  the  smaller  coil. 
Tbe  effect  of  the  interference  is  to  lessen 
the  current  induced  in  tbe  smaller  coil. 
A  particle  at  a,  for  instance  (fig.  8),  which 
^  when  left  to  tbe  action  of  tbe  poles  of  the 

^'S'  ^-  electro-magnet  would  give  ita  full  quota 

of  electric  induction,  is  by  the  cross  polarity  magnetically  forced 
round,  so  to  speak,  into  a  less  favourable  position  for  doing 
ao.  But  bow  is  this  inteTference  stopped  by  a  resisting  external 
circuit?  In  this  way,  I  imagine.  The  available  electro-motive 
power  may  take  the  form  of  large  quantity  in  an  easy  circait, 
or  little  quantity  in  a  resisting  circuit.  On  consulting  the 
galvanometer  in  a  resisting  circuit,  while  the  strength  is  taxed 
to  the  utmost,  the  current  is  often  found  weak.  It  is  tbe  quantity 
of  electricity  that  is  the  cause  of  the  interference,  and  not  the  work 
value  of  tbe  circuit.  When  the  strength  of  the  electric  current  is 
great  with  a  resieting  circuit,  that  of  the  magnetic  current  baa  been 
proportionally  exalted. 

Tbe  interference  of  tbe  two  coils  with  each  other  can  be  shown 
in  a  simple  way.  When  the  coil  of  the  electro- magnet  is  detached 
from  the  magnetic  coil  and  joined  up  with  a  Bunsen  cell,  we  have, 
on  turning  the  handle,  both  armature  coils  prepared  to  give  ex- 

DiqitlzscbyGOOqlC 


o/  Edinburgh,  Semon  1870-71.  495 

ternal  currenU.  If,  in  the  ciicnit  of  the  electric  coil,  a  few  inches 
of  £ne  platinum  wire  be  included,  and  the  circuit  of  the  magnetic 
coil  half  completed,  bo  that  one  end  of  the  connecting  wire  has  only 
to  touch  the  other  binding  screw  to  close  it,  and  the  handle  he  put 
in  sufficient  motion,  the  platinum  wire  becomes  white  hot,  and  this 
sinks  to  a  dull  red  when  contact  in  the  magnetic  circuit  is  made. 
The  same  takee  place  when  the  coils  are  reversed.  Such  an  action 
as  this  suggests  the  snpjKiBitioD  that  what  appears  in  the  second 
coil  is  but  electricity  stolen  from  the  first,  and  that  the  arrangement 
effects  only  a  convenient  distribution,  and  not  an  increase  of  the 
electricity  available.  I  cannot,  with  the  observations  I  have  yet 
made,  say  that  such  is  not  true  in  all  cases,  but  in  one  case,  At  least, 
the  only  one  I  have  examined,  such  a  supposition  cannot  be  enter- 
tained, and  that  is  when  both  coils  work  together  in  the  same 
circuit.  When  both  coils,  as  just  mentioned,  are  ready  to  give 
external  currents  under  the  magnetism  induced  by  one  Bunsen  cell, 
it  IB  quite  possible,  by  accustoming  the  ear  to  the  note  produced  by 
the  springs  nibbing  on  the  revolving  coHars,  to  get  the  arm  to  work 
at  a  uniform  speed.  If  the  cell  be  steady,  you  can,  within  a  frac- 
tion of  a  degree,  produce  the  same  angle  in  the  galvanometer  in 
the  same  circumstances.  I  have  made  repeated  observations  in 
thia  way  as  to  what  current  the  electric  coil  would  give  when  act- 
ing alone,  as  to  what  the  m^netic  coil  would  give,  and  as  to  what 
both  together  would  effect.  The  circuits  in  these  cases  consisted  of 
the  coils  themselves  and  the  wires  leading  to  a  tangent  galvano- 
meter some  12  feet  off,  and  the  working  of  the  machine  and  the 
observing  of  angles  were  done  by  different  persons.  The  restBtauces 
in  both  circuits  were  sensibly  the  same.  The  resistance  of  the 
electric  coil  was  32  inches  of  a  Gennan  silver  wire  in  my  posses- 
sion, that  of  the  magnetic  coil  34,  and  that  of  the  galvanometer 
wire  5  inches.  To  these  must  be  added  the  resistance  introduced 
by  the  imperfect  contact  of  the  break-springs,  which,  at  a  high 
speed,  and  especially  in  the  case  of  the  machine  exhibited  where 
the  anuature  is  not  quite  truly  centred,  must  be  considerable.  The 
difference  between  the  two  coils  would  thus  almost  disappear  on  the 
total  resietauces  of  their  respective  circuits.  This  being  the  case, 
the  work  value  of  the  electricity  appearing  in  each  will  be  as  the 
squares  of  the  tangents  of  the  angles  observed.     Now,  in  all  the 
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obgervatioDs  I  bave  made,  the  Bum  or  these  for  the  two  coils  sepa- 
rately was  approximately  eqaal  to  that  obtained  when  both  cnrrentit 
wero  sent  into  the  galvanometer  circnit.  To  give  an  idea  of  bow 
nearly  this  comes  out,  I  may  cit«  one  ohBervation  repeated  three 
times  in  succession  with  the  same  result.  I  found  the  angle  of 
both  together  to  be  47J°,  that  of  the  electric  coil  separately  40°, 
and  that  of  the  magnetic  coil  separately  34°.  Now  the  square  of 
the  tangent  of  47|°  is  11909,  and  the  sum  of  those  of  the  other 
two  115905. 

The  theory  of  the  machine,  as  I  understand  it,  may  be  thus 
shortly  summed  up.  In  one  case,  namely,  that  of  an  easy  common 
circuit,  and  it  is  likely  to  be  more  or  less  so  in  all  cases,  the  two 
coils  contribute  each  their  full  quota  to  the  total  electric  fund  of 
the  armature.  When  the  resistance  of  the  circuits  differ,  this  fund 
is  divided  inversely  in  some  function  of  the  relative  resistance,  hut- 
whether  this  takes  place  so  as  to  excite  the  electro-magnet  at  no 
original  expense  of  driving  energy  is  still  a  matter  for  further 
determination.  The  results  got  from  the  machine  would  lead  us  to 
suspect  OS  much,  for  they  compare  favourably  with  machines  where 
a  permanent  battery  of  magnets  is  used ;  but  thia  test,  though  sn 
far  satisfactory,  is  far  from  exact. 

The  iuterforence  of  the  coils  seems  to  me  to  be  a  hopeful  feature 
of  the  arrangement,  as  it  does  not  make  increased  power  simply 
dependent  on  increased  velocity.  Th^re  is  a  promise  in  it  that  by 
adjusting  the  relative  sizes  of  the  coils  a  powerful  current  may  be 
got  at  a  really  practicable  speed,  and  there  would  thus  be  obviated 
the  serious  objection  to  this  class  of  machines,  which,  however 
astonishing  in  their  power,  are  apt  to  wear  themselves  out  by  their 
rapid  rate  of  motion  when  kept  in  action  for  days  together.  Even 
in  the  machine  before  you,  if  the  collars  were  properly  turned  and 
centered,  so  as  to  give  good  contact  with  the  springs  at  all  rates  of 
revolution,  I  have  reason  to  believe  that  its  effective  speed  of 
revolution  would  be  very  much  diminished. 

In  mentioning  what  a  machine  like  this  can  do,  considerable 
latitude  must  be  underBto<jd  in  interpreting  results.  The  strength 
or  ardour  of  different  workers  may  tell  very  differently.  The  only 
fair  way  would  be  to  give  the  electric  effect  corresponding  to  a 
weight  fulling  so  far  per  second,  but  this  involves  opportunities  of 
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experiment  which  I  liave  not  at  my  commaDd.  Wbeo  I  aay  that 
6  inchea  of  eoft  iron  wire  ^  of  an  inch  in  diameter  can  be  melted  or 
ignited  bj  it,  I  only  mean  to  eay  that  the  arm  of  an  ordinary  man, 
working  briekly  for  a  second  or  two,  can  accomplish  this,  thosgh  it 
would  be  bard  work  for  him  to  continue  the  same  for  a  minute. 
A  stronger  arm  than  usual,  or  a  more  ardent  labourer,  would  do 
much  more  than  this.  A  battery  of  six  Bunsen  cells,  each  with  an 
effective  surface  of  42  square  inchee,  melted  5  inches  of  the  same 
wire.  With  an  induction  coil  a  spark  of  1^  inches  can  be  got  with 
an  expenditure  of  labour  that  may  be  continued  for  a  minute  or  two ; 
with  intense  exertion  a  spark  of  5  or  even  more  inches  may  be  got. 
By  working  reasonably  for  a  minute  from  2^  to  4  cubic  inches  of 
explosive  gas  can  be  got  from  a  voltameter;  working  very  bard  for 
s  quarter  of  a  minute  at  the  rate  of  6  inches  or  more  may  be 
obtained.  To  turn  a  handle  some  100  times  a  minute,  more  espe- 
cially against  some  resistance,  is  not  work  that  can  be  easily  con- 
tinned  for  minutes ;  and  such  machines,  when  driven  by  the  hand, 
are  only  good  for  incidental,  not  continuous  use.  To  keep  down 
the  pull  on  the  hand  with  a  resisting  circuit,  the  commutating 
collar  of  the  magnetic  coil  ba5i  to  be  turned  round  from  its  position 
of  maximum  effect.  There  is  a  certain  speed  at  which  the  hand 
can  best  work,  for  slow  and  difficult  motion  is  not  so  convenient 
noT  attended  hy  so  good  results  as  quick  and  easy  motion. 

The  machine  is  well  adapted  for  an  educational  instrument,  viz., 
for  illoatrating  electro-magnetic  action.  If  the  electro-magnetic 
coil  be  joined  with  one  cell  of  Bunsen,  and  the  electric  coil  with 
five  or  six  cells,  the  conditions  of  the  machine  are  reversed ;  and  now 
electricity  produces  motion,  instead  of  motion  producing  electricity. 
The  handle  is  made  to  go  round  with  considerable  velocity,  and  if 
the  belt  that  connects  the  gearing  with  the  handle  be  removed,  the 
armature  alone  spins  round  at  a  great  rate.  If  now  the  poles  of 
the  magnetic  coil  be  joined,  the  armature  instantly  slows,  and  the 
slowing  is  all  the  more  marked  the  less  the  resistance  of  the  circuit 
offered.  The  current  of  this  new  circuit  can  raise  to  a  white  heat 
about  a  ^  inch  of  fine  platinum  wire.  It  may  he  worth  mentioning, 
that  the  current  given  off  hy  the  magnetic  coil  under  these  condi- 
tions is  singularly  steady,  and  that  its  strength  is  something  like 
inversely  proportional  to  the  circuit  resiBtance.    This  slowing  of 
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the  armature  seems  at  variance  with  what  I  have  staled  before,  that 
less  instead  of  more  driving  resiatance  is  felt  ia  closing  either  of 
the  armature  circuits,  for  here  the  new  current  seems  to  be  paid  for 
out  of  the  motion  of  the  armature.  The  discrepancy  may  pOEsibly  be 
accounted  for  by  the  cooBideration  that  both  coils  are  now  ontago- 
oistic  in  their  action,  and  that  whatever  part  of  the  induced  current 
appears  in  the  magnetic  coil,  from  whatever  source  derived,  goea 
directly  to  oppose  the  conditioce  favourable  to  motion,  and  that 
between  the  oppoaing  actions  more  heating  in  the  core  may  be  the 
accompaniment  or  equivalent  of  slower  motion,  When  the  coil  of 
the  electro- magnet  is  joined  with  the  larger  (electric)  coil,  so  that  a 
wire  has  only  to  touch  the  unconnected  binding  screw  to  close  tbe 
circuit,  and  when  the  arm  puts  the  machine  into  rapid  motion,  it  is 
brought  to  au  instant,  one  might  eay  an  impotent  halt,  on  the  wire 
touching  tbe  binding  screw.  One  cannot  help  thinking,  in  trying 
such  an  experiment,  that  coil-brakes  or  drags  may  be  yet  extensively 
used  in  machinery. 

Whether  this  machine  be  any  improvement  or  even  a  rival  to 
existing  machines,  I  do  not  pretend  to  say.  I  only  wish  in  this  paper 
to  bring  the  peculiarities  of  its  action  before  the  notice  of  the 
Society. 

4.  Mathematical  Notes.    By  Professor  Tait. 

1.  On  a  Property  of  Self- Conjugate  Linear  and  Vector  Functions. 

In  the  course  of  an  investigation  connected  with  the  free  rota- 
tion of  a  rigid  body  I  was  led  to  the  remark  that,  if  i  and  r)  be  two 
vectors  related  to  one  another  so  that 

i  =  ^npn , 

where  4>  is  a  self- conjugate  linear  and  vector  function,  we  have 
also 

V  =  V.fpf  , 
(so  that  the  relation  is  reciprocal)  provided 

S.r}<pi)^t,  =  1  , 
which  implies  also  the  corresponding  equation 
S.ifff'i=l  . 
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The  surface  of  the  third  order,  represented  by  either  of  the  twn 
latter  equatioDS,  ia  well  knowD,  and  the  property  above  ehowe  a 
curious  relation  between  certain  of  ita  vectors  and  those  of  a  centra) 
snrface  of  the  second  order.  It  has  also  interesting  applications 
to  the  lines  of  curvature  of  the  surface. 

If  £  and  i;  be  unrestricted,  the  theorem  above  maybe  put  in  the 
more  general  form  that  the  two  following  equations  are  conse- 
quences one  of  the  other,  viz. : — 

From  either  of  them  we  obtain  the  equation 

which,  taken  along  with  one  of  the  others,  gives  a  singular  theorem 
when  translated  into  ordinary  algebra. 

2.  Relation  between  corresponding  Ordinatea  of  two  Parabolas. 

Two  projectiles  are  anyhow  projected  simultaneously  from  a 
point,  what  is  the  relation  between  their  vertical  heights  at  any 
instant  7 

This  simple  inquiry,  which  was  instituted  in  consequence  of  some 
results  recently  obtained  from  thermo-electric  esperimeots  (see  ante. 
p.  311)  carried  on  at  high  temperatures,  where  the  indications  given 
by  two  separate  circuits,  immersed  in  the  same  hot  aod  cold  bodies, 
were  used  as  ordinate  and  abscisaa,  leads  to  a  very  curious  conse- 
quence. 

Let 

x=^At(B  -I) 
and 

y  =  A';(B'  -  /) 
be  any  two  parabolas  whose  axes  are  vertical,  and  which  pass 
through  the  origin.    We  have 

-Av 


*■''  r  H -  ^^  ~ - ■'/  1 

ll)L         AA'(B-]i'}J" 
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(A'x  -  Ay)'  =  AA'  {B'  -  B)  {ABi;  -  A'h'x)  . 

Thia,  again,  is  tbe  equation  of  a  parabola,  which  passes,  like  the 
others,  through  the  origin,  but  whose  axis  is  no  longer  vertical. 
The  coDverse  suggeats  auothet  easy  but  interesting  problem. 

If  we  write  f  for  — ,  n  for  il ,  and  /  and  /'  for  tbe  halves  of  B 
A  A 

and  B',  we  easily  see  that  the  last  equation  above  becomes 

({.„■- 4/^ (/S- A). 

Every  parabola  passing  through  the  origin  may  have  its  equation 
put  in  this  form.  Hence,  as  (  and  jj  are  dependeut  on  one  another 
(in  the  thermo-eleotrio  as  in  the  projectile  case)  only  as  being 
both  functions  of  temperature,  or  of  time,  it  is  obvious  that  we  must 
seek  to  break  this  expression  up  into  a  linear  relation  between 
functions  of  i  and  >]  separately.  A  well  known  transformation 
leads  lo 

JT'^i-  y/" -T=±  </-/■)  ■ 


V/'-5-±(r-/'), 

where  t  is  some  ftinction  of  time  or  of  temperature.     These  give 

S  =  rf2/-.T), 

V  =  r(2f-r). 

Hence,  in  the  thermo-electric  case,  if  we  obtain  a  parabola  by  using, 
BB  ordinate  and  abscissa,  the  simultaneous  indications  of  any  two 
circuits  whose  junctions  are  at  the  same  temperatures,  and  if  one  of 
them  gives  a  parabola  (with  axis  vertical)  in  terms  of  absolutti 
temperature,  r  must  be  a  linear  function  of  the  difference  of  absolnte 
temperatures  of  the  junctions,  and,  therefore,  the  other  circuit  gives 
a  similarly  situated  parabola  in  terms  of  the  absolute  tempera- 
ture. 
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3.  On  Bome  Quaternion  Transformations. 
(Ahtract.) 
Since  the  algebraic  operator 


when  applied  to  any  function  of  x,  simply  changes  x  intox 
it  is  obvious  that  if  o-  be  a  vector  not  acted  od  by 


whatever  function/may  be. 

If  A  bear  to  tlie  constiiuenta  of  r  the  same  relation  aa  V  bears 
to  those  of  p,  and  if/ and  F  be  any  two  functions  which  satisfy  the 
commutative  law  in  multiplication,  this  theorem  takes  tbe  curious 

of  which  a  particular  case  is 


^A-)F(y)  =  /(.  +  ^^)r(y)=  F(^  +  ^J/(a 


). 


Tlie  modifications  which  the  general  expression  undergoes,  when 
/  and  F  are  not  commutative,  are  easily  seen  and  need  not  be 
iadicated  in  this  abstract. 

If  one  of  these  he  an  inverse  function,  such  as  fur  instance  may 
occur  in  the  soluliim  of  a  linear  differential  equation,  these 
theorems  of  course  do  not  give  the  arbitrary  part  of  the  integral, 
but  they  often  materially  aid  in  the  determiiiation  of  the  rest. 

Other  theorems  are   given,  involving  operators  sucb  as   »""  , 

«■"'',  &c,  itc. 

The  paper  contains  numerous  applications,  extvHsious,  and  inter- 
pretations of  these  fundamental  theorems. 

But  there  are  among  tliem  lesults  which  appear  Btartling  froni 
the  exces^ively  free  use  made  of  the  separation  of  symljols.     Of 
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tliese  1  now  give  but  one,  whtcb,  however,  with  thst  in  the  Bucceed- 
ing  Note,  is  quite  sufficient  to  show  their  general  nature. 

Let  7  be  any  scalar  function  of  p.  It  is  required  to  find  the 
difference  between  the  t&lue  of  F  at  p,  and  its  mean  value  through- 
out a  very  small  sphere,  of  radius  r  and  volume  v,  which  has  the 
extremity  of  p  as  centre. 

From  wliat  ia  said  above,  it  is  easy  to  see  that  we  have  the 
following  eipresaioD  for  the  required  result: — 


MM' 


■'-"-iip*. 


where  ^is  the  vector  joining  the  centre  of  the  sphere  with  the 
element  of  volume  d^,  and  the  integration  (which  relates  to  "  and 
d^  alone)  extends  through  the  whole  volume  of  the  sphere.  Ex- 
panding the  exi>oneDliaI,  we  may  write  this  expression  in  the 
form 

higher  terms  being  omitted  on  account  of  the  smallnesa  of  r,  the 
limit  of  Ta- . 
Now,  symmetry  shows  at  once  that 

Sf<rd<s  =  0. 
Also,  whatever  constant  vector  he  denoted  by  a. 

Since  the  integration  extends  throughout  a  sphere,  it  is  obvious 
that  the  integral  on  the  right  is  half  of  what  we  may  call  the 
moment  of  inertia  of  the  volume  about  a  diameter.     Hence 


fff9^v„)-j, . 


If  we  now  write  V  for  a,  aa  the  itUegration  does  wt  refer  to  V, 
we  have  by  the  foregoing  results  (neglecting  higher  pouere  of  r) 
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vhich  IB  the  expression  given  by  Maxwell  (London  Jdath.  Soc. 
Proe.,  Vol.  III.,  No.  34, 1871).  Aithough,  for  BimpHoity,  P  has 
here  been  supposed  a  scalar,  it  ia  obTioas  that  in  the  result  above 
it  may  at  onoe  be  written  as  a  quaternion. 

4.  On  an  Expression  for  the  Potential  of  a  Surface-diBtiibution,  and 


««"»«P«"»'^'-v/(i)'-(4)'*(i)"- 

If  p  be  the  vector  of  the  element  dt,  where  the  surface  density 
is  fp,  the  potential  at  r  is 

F  being  the  potential  function,  which  may  have  any  form  whatever. 
By  the  preceding  Note  this  may  be  transfonned  into 

jrd»/p,^^¥Tp; 

or,  far  more  conveniently  for  the  integration,  into 

jrd»/pt^^F'r<r, 

where  A  depends  on  the  constituentB  of  a-  in  the  same  manner  as 
V  depends  on  those  of  p. 

A  still  farther  simplification  may  be  introduced  by  using  a 
vector  r^,  which  is  finally  to  be  made  zero,  along  with  its  corre- 
sponding operator  A^,  for  the  above  expression  then  becomes 

where  p  appears  in  a  comparatively  manageable  form.  This  is  the 
expiefBion  to  which  the  title  of  the  Note  refers.  It  is  obTions 
that,  BO  far,  our  formtilee  are  applicable  to  any  diBtribution.  We 
now  restrict  them  to  a  superficial  one. 

Integration  of  this  last/orm  can  always  he  easily  eflTected  in  the 
case  of  a  surface  of  revolution,  the  origin  being  a  point  in  the  axis. 
For  the  expression,  so  far  as  the  integration  is  concerned,  can  in 
that  case  be  exhibited  as  a  single  integral 


jdxpxt 
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where  p  may  be  any  scalar  fuoction,  and  x  depends  on  the  cosine 
of  the  iDcIiDBtioD  or  p  to  the  axis.    Now 

and  by  operating  by  /  —  "j     we  liave 

/  KdaJ  a         ' 

80  that 

But  (as  the  interpretation  of  the  general  results  is  a  little  trouble- 
some) I  confine  tnyaelf  at  present  to  the  case  of  a  spherical  shell, 
the  origin  being  the  centre  and  the  denaity  unity,  which,  while 
much  simpler,  sufficiently  illustrates  the  proposed  mode  of  treating 
the  subject.  I  hope  to  return  to  the  question,  and  to  develope  at 
length  the  proposed  mode  of  solution. 

We  easily  see  that  in  the  above  simple  case,  a  being  any  con- 
atant  vector  whatever,  and  a  being  the  radius  of  the  sphere, 

jri,.'~'~'!.mf  ."■rf^. ?"(,"•-,-'"■). 

Now,  it  appears  (though  I  cannot  say  that  I  am  yet  quite  satisfied 
with  the  fojfic  of  any  of  the  proofs  that  have  occurred  to  me) 
that  uv  are  at  ^t&erfy  U>  treat  ^  as  a.  hatjutt  been  treated.  It  is 
necessary,  therefore,  to  find  the  effects  of  such  operators  as  TA, 
(  ,  tltc,  which  seem  to  be  novel,  upon  a  scalar  function  of  Tr . 
or  T,  as  we  may  for  the  present  call  it. 
Now 

2F' 
(Ta)«F  =  _4«F  =  F"+  ^-, 

(vhence  it  is  easy  to  guess  at  a  particular  form  of  TA.     To  be  sure 
that  it  is  the  only  one,  assume 
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where  p  and  ^  are  scalar  functions  of  T  to  be  found.     This  gives 

=  ^F'  +  (fp'  +  tpf  +  f/'jF'+  (piJ-'  +  4')F- 
Comparing,  we  Iiave 

«'=  1, 

2 
W  +  '^P  +  f^  =  f' 

(Bi/-'  +  i^»  =  0  . 
From  the  first, 

P=±  1, 
whence  the  second  gives 

and  the  third  shows  that  the  upper  sign  must  he  talieu.     That  is 

dr    T 

Also,  an  easy  induction  shows  that 

Heoce  we  have  at  once 
*       ~^'*'H<iT      1V+"      1.2...nLwT/       TUT/       J 


oTA  To-  +  a 

€       FT<r    =    -^-^  F(T^  +  a)  . 

In  using  such  a  formula  we  must  carefully  remark  that  F  is 
defined  as  a  function  of  a  tentor,  i.e.,  of  a  quantity  ttsentially 
poiitive,  BO  that  should  a  be  negative  and  of  greater  magnitude 
than  To-  the  qnantity  of  which  F  is  a  function  becomeB  a  ~  To-. 
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Hence,  putting  A  for  a  in  the  integrated  reeult  above,  we  h»Te 
for  the  potential  at  tr 


taV 


That  this  ma;  be  conBtont,  =  2ntiY  suppose,  so  long  as  T^-  '^  a 
via  must  have 

(TA)V  =  ^  [(T^  +  a)F(T^  +  a)  -  (T^  -  a)F(a  -  T<^)]  ; 

which  gives  at  once 

V  =  constant  °  2,  Bnppoae, 


the  gravitation  law. 
And  as  the  operator  becomes,  for  Ta-i^  a,  hy  expansion 


I  1.2.3      1.2.3.4,5      ■■'  j 

while  ^*~    =  0, 

we  have  for  the  external  potential  the  usual  expression 

5,  An  Experimental  Research  on  the  AntagoniBin  between 
the  Actions  of  Fhyeoatigma  and  Atropia.  By  Dr  Thomas 
B.  Fra&er.    (With  a  diagram.) 

(Ahitracl.) 

In  a  Preliminary  Note,  read  before  this  Society  on  the  31st  of 

May  1869  (see  ProeeeJings),  a  nnmher  of  experiments  were  de- 

Bcribed,  which  proved  that  the  lethal  action  of  certain  doses  of 

phyaostigma  can  he  prevented  by  the  administration  of  atropia.* 

*  Jane  1871. — While  this  A-bstract  ia  passing  thrangh  the  prase,  the  anthoi 
hu  received  t,  paper  bj  M.  Boarneville,  in  which  the  above  resalt  is  utiafu- 
torilj  eoDfirmed  bj  laperiiiieiita  on  guinea-pigs. 
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Further,  it  was  pointed  out,  that  antagonism  between  any  two  sub- 
stances, in  the  eenee  of  the  lethal  action  of  the  one  being  preventible 
hy  the  physiological  action  of  the  other,  had  not  previously  been 
shown  to  exist  by  any  certain  and  satisfactory  evidence.  In  the 
variouB  iDHtances  where  experiment  eeemed  to  indicate  the  existence 
of  Bucb  an  antagonlBm,  BufBcient  proof  was  not  given  that  the  dose 
oftbeBubstancewhoseaction  appeared  to  be  antagonised  wasoertainly 
a  lethal  one.  The  conflicting  opinions  and  doubts  this  fallacy  has 
given  origin  to,  have  induced  the  anthoi  to  follow  a  plan  whereby 
it  may  bo  completely  avoided. 

In  the  first  place,  the  minimum  fatal  dose  of  physoBtigma  for  the 
species  of  animal  employed  was  accurately  determined  by  a  number 
of  prelifninaiy  experiments ;  so  that  the  weight  of  the  animal  being 
ascertained,  it  was  an  easy  matter  to  he  certain  of  the  dose  that 
could  kill  it.  Then,  in  those  experiments  where  an  animal  re- 
covered after  the  administration  of  a  dose  of  atropia  given  in  com- 
bination with  a  dose  of  physostigma,  equal  to  or  in  excess  of  the 
minimum  fatal,  it  was  killed  many  days  afterwards,  and  when  the 
effects  of  the  two  eubstaiices  had  completely  disappeared,  by  a  doBe 
of  physoBtigma,  equal  to  or  Isbb  than  that  from  which  it  had  pre- 
viously recovered.  Therefore,  when  the  adminittration  of  attopia 
prevented  an  otherwise  fatal  dote  of  phytotiigma  from  caviing  death, 
a  perfect  demonstration  was  obtained  of  the  power  of  atropia  to  pro- 
duce some  phytiohgical  action  or  actions  that  counieracted  some  other- 
vrise  lethal  action  or  actions  of  physostigma. 

Id  the  preliminary  note  referred  to,  it  was  suggested  that,  as 
both  atropia  and  phyeostigma  are  capable  of  producing  a  number 
of  different  actions,  several  of  which  may  not  he  mutually  antago- 
nistic, and  that,  as  both  substances  are  capable  of  producing  several 
actions  of  a  similar  kind,  considerably  lees  potent  to  cause  death  than 
those  by  which  their  fatal  effecta  are  usually  induced,  it  would  pro- 
bably he  found  that  a  regiun  exists  where  the  non-antagoniBed  and 
the  similar  actions  ore  present  in  sufBcient  degrees  of  activity  to  be 
themselves  able  to  produce  fatal  results.  This  anticipation  has 
proved  to  be  correct.  A  targe  number  of  experiments  have  been 
made,  by  which  the  region  of  the  successful  antagonism  of  fatal 
doses  of  physostigma  has  been  defined  with  considerable  exactness. 
The  smallest  and  the  largest  doses  of  atropia  that  are  able  to  prc- 
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vent  death  after  the  adminiiitration  of  different  fatal  doses  of 
physostigma,  and  the  maximum  fatal  dose  of  physostigma  that  is 
capable  of  beiog  rendered  Don-f&tal  by  atropia  were  aecertained,  and 
it  was  found  that  beyond  these  various  points  death  may  be  pro- 
duced by  combined  doses  of  the  two  substances,  either  by  some 
n  on -antagonised  action  belonging  to  one  or  other  of  tbem,  or  by  a 
combination  of  similar  actions  belonging  to  both. 

As  the  above  results  could  he  obtained  only  by  performing 
a  very  large  number  of  experiments,  ralibits  were  the  animals 
selected,  it  being  impossible  to  obtain  a  sufBcient  number  of  dogs, 
or  other  convenient  animal.  The  weight  of  animal  employed  was, 
as  nearly  as  possible,  three  pounds ;  and  when  below  or  in  excess 
of  this  a  correttion  was  made,  so  that  each  dose  represented  three 
pounds  weight  of  animal. 

In  one  portion  of  this  investigation,  experiments  were  performed 
in  which  physostigma  was  given  five  minutes  after  atropia,  both 
substances  being  injected  under  the  skin.  In  the  first  scries,  the 
do^e  of  physostigma  was  the  minimum  fatal,  and  the  doses  of 
atropia  ranged  from  one  that  was  too  small  to  prevent  the  lethal 
action  of  this  dose  of  physostigma,  through  a  number  of  gradually 
increasing  doses  of  atropia  tliat  were  able  to  prevent  death,  until  a 
dose  was  found  whose  administration  resulted  in  death.  Simitar 
series  of  experiments  were  made  with  dosre  of  pbysoiitigma  one  and 
a-lialf  times,  twice,  two  and  a-lialf  tiuien,  thrice,  and  three  and 
a-half  tiiues  ae  large  as  the  minimum  fatal.  Wi[h  the  minimum 
fatal  dose  of  physostigma,  it  was  found  that  while  01  grain  of 
atropia  is  too  small  to  prevent  death,  015  grain  is  able  to  do  so ; 
and  that  with  any  dose  ranging  from  '015  grain  to  5'2  grains  the 
lethal  efft'Ct  of  this  dose  of  physostigma  may  be  prevented;  while 
if  the  dose  of  atropia  be  53  grains  or  moie,  the  region  of  successful 
antagonism  is  left,  and  death  occurs.  With  one  and  a-balf  times 
the  minimum  fatal  dose  of  physostigma,  successful  antagonism  was 
produced  with  doses  of  atropia  ranging  from  '02  grain  to  4'2 
}{ruins;  with  twice  the  minimum  fatal  of  physostigma,  with  do^es 
of  atropia  ranging  from  025  grain  to  3'2  grains;  with  two  and  a- 
balf  times  the  minimum  fata!  of  physostigma,  with  doses  of  atropia 
ranging  from  '035  grains  to  2-2  grains;  with  thrice  the  minimum 
fatal  of  physostigma,  with  doses  of  atropia  ranging  from  '06  grain 
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to  1-2  grain ;  and  vith  three  and  a-half  times  the  minimum  fatal 
dose  of  physostigioa,  witb  dose^  of  atropia  ranging  from  '1  grain  to 
'2  grain.  Successful  antagonigm  could  not  be  obtained  above  this 
doBO,  and,  accordingly,  three  and  a-half  times  the  minimum  fatal 
dose  of  physostigma  would  appear  to  be  about  the  largest  quantity 
whose  lethal  action  may  be  prevented  by  administering  atropia 
five  minntes  previously. 

A  similar  series  of  experiments  has  been  made,  in  which  phy- 
sostigma was  administered  five  minntes  before  atropia,  and  tho 
results  were  essentially  the  same,  excepting  that  the  region  of  sue- 
cessfnl  antagonism  was  found  to  be  more  limited. 

These  results  may  be  graphically  represented  by  means  of 
diagrams.  The  diagram  accompanying  this  abstract  is  a  reduced 
copy  of  one  exhibited  by  the  author  to  illu8trate  the  series  of  ex- 
periments above  described,  in  which  atropia  was  administered  five 
minutes  before  physostigma.  The  experiments  that  terminated  in 
death  are  marked  by  crosses,  and  those  that  terminated  in  recovery 
by  dots,  while  the  position  assigned  to  each  experiment  is  deter- 
mined by  the  doses  of  physostigma  and  atropia,  calculated,  when 
necessary,  for  three  pounds  weight  of  rabbit.  The  doses  of  atropia 
increase  according  to  the  distance,  in  a  horizontal  direction,  from 
the  perpendicular  line  forming  the  left  margin  of  the  diagram,  and 
the  increase  proceeds  al  the  rate  of  one-tenth  of  a  grain  for  each 
subdivision  of  the  horizontal  lines.  The  doses  of  physostigma 
increase  from  below  upwards,  the  same  horizontal  Hue  always 
representing  the  same  dose  of  physostigma.  The  curved  line, 
a  b  c,  separates  the  fatal  experiments  (crosses)  from  those  which 
terminated  in  recovery  (dots),  and,  accordingly,  it  defines  the  region 
of  successful  antagonism — a  region  further  distinguished  in  the 
diagram  by  the  absence  of  shading.  The  darkly  shaded  region  is 
that  in  which  antagonism  is  not  snccesaful,  death  being  produced 
because  the  doses  of  atropia  given  in  combination  with  one  or 
other  of  the  doses  of  physostigma  employed  are  either  too  small  or 
too  large.  In  the  lightlg  shaded  region,  below  the  faorizontal  line 
representing  the  minimum  fatal  dose  of  physostigma,  the  doses  of 
physostigma  are  too  small  of  themselves  to  cause  death.  The 
lateral  extension  of  the  diagram  is,  however,  insufficient  to  exhibit 
the  chief  interest  of  this  region.    Were  the  diagram  extended,  it 
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would  show  that  fatal  experiments  oocnr  in  this  region,  not  odIj 
vtth  fatal  doees  of  atropia  given  in  combination  with  less  thao 
fatal  doses  of  pbysoetigma,  bnt  also  with  leae  than  fatal  doees 
of  atiopia  given  in  combination  witb  leas  tban  fatal  dofiee  of 
pbysostigma. 

In  this  manner,  tbe  entire  iuperfieial  area  of  the  region  of  eqc- 
cessful  antagontHin  bas  been  defined,  when  pbysoBtigma  is  giren 
five  minutes  after  and  five  minutes  before  atropia.  In  addi- 
tion to  tbie,  what  may  be  termed  tbe  ihieknea  of  tbe  region 
baa  been  determined.  For  this  purpose,  series  of  experiments 
were  made,  in  each  of  which  the  doses  of  phyBOstigma  were  tbe 
same,  and  tbe  doeea  of  atropia  varied ;  while  with  each  dose  of 
atropia,  several  experiments  were  made  which  differed  from  eacb 
other  by  a  difference  in  the  interval  of  time  between  the  adminis- 
tration of  the  two  Bubstances.  From  the  data  thus  obtained,  curvei 
have  been  constructed;  tbe  dose  of  pbysostigma  serving  as  the 
base-line,  tbe  various  doses  of  atropia  as  the  abscisste,  and  the  dif- 
ferent intervals  of  time  that  separate  successful  from  unsuccessful 
experiments  ae  tbe  summits  of  the  ordinates.  When  these  cnives 
are  brought  into  relation  with  a  diagram  of  the  superficial  area  of 
the  region  of  suocessful  antagonism,  in  such  a  manner  that  tbe 
base-lines,  representing  the  doses  of  physoBtigma,  correspond  to 
each  other,  and  that  the  ordinates  of  these  curves  extend  at  right 
angles  to  those  in  the  diagram  of  tbe  saperficial  area,  the  lateral 
extension  of  the  region  of  successful  antagonism  may  be  defined. 
In  this  waj,  its  lateral  as  well  as  its  superficial  extent  has  been 
indicated  witb  atropia  and  pbysostigma. 

After  defining  tbe  superficial  area  and  the  thickness  of  the 
region  of  successful  antagonism,  it  seemed  of  interest  to  ascertain 
what  dose  of  atropia  is  required  to  produce  death  witb  a  do«e  of 
physoattgma  below  tbe  minimum  fatal.  The  experiments  per- 
formed for  this  purpose  show  that  when  one-half  of  the  minimnm 
fatal  dose  of  pbysostignia  is  given  five  minutes  after  atropit^  so 
large  a  dose  of  the  latter  substance  as  9'8  grains  is  required  in 
order  to  cause  death ;  recovery  taking  place  with  doses  ranging 
from  8  to  9*5  grains, 

The  minimum  fatal  dose  of  sulphate  of  atropia  given  alone  was 
found  to  be  twenty-one  grains  for  a  rabbit  weighing  three  pounds. 
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It  ia,  theiefore,  remarkable  that  the  sloths  of  a  graiD  can  prevent 
a  dose  of  physoBtigma,  equal  to  the  minimum  fatal,  from  caueiog 
death,  and  that  the  ^th  of  a  grain  is  capable  of  rendeiing  non- 
fatal a  dose  of  phjsostigma,  equal  to  three  and  a-half  times  the 
minimum  fatal. 

Excepting  dilatation  of  the  pnpila,  these  minute  doses  of  atropia, 
and  indeed  any  dose  capable  of  antagonising  the  letbal  action  of 
physoetigma,  are  unable  to  produce  any  symptom  recognisable 
by  a  mere  inspection  of  the  animal.  Stilt,  they  undoubtedly 
produce  energetic  physiological  effects — effects,  however,  which  it 
is  unnecessary  to  describe  in  this  brief  abstract.  It  is  sufficient  to 
point  out  that  the  notion,  which  exists  in  many  quarters,  that 
rabbits  can  scarcely  be  affected  by  atropia  is  an  eironeous  one. 

Without  referring  to  the  other  results  obtained  in  his  iuvestiga- 
tion,  the  author  pointed  out,  in  conclusion,  that  unless  the  anta 
gonism  between  any  two  active  substances  be  examined  in  the 
manner  indicated  in  this  oommuDication,  no  satisfactory  proof  of 
its  existence  can  be  obtained.  The  superficial  area  of  the  region 
should  always  be  defined,  otherwise  indications  of  antt^onism 
obtained  by  one  observer  will  be  liable  to  be  discredited  by  those 
who  subsequently  examine  the  subject.  The  first  observer  may 
succeed  in  performing  an  experiment  within  the  area  of  successful 
antagonism,  and  thus  feel  satisfied  of  its  existence ;  bnt  his  suo- 
cessote  may  fail  in  obtaining  any  proof  by  so  varying  the  dose 
of  one  or  other  substance  as  to  pass  the  limits  of  the  region  of  snc- 
cesB  (see  diagram).  Feeling  assured  that  many  examples  of  success- 
ful antagonism,  besides  the  one  he  had  the  honour  of  bringing  before 
the  Society,  will  yet  be  discovered,  the  author  could  not  avoid  the 
conclusion  that  the  imperfect  methods  of  investigation  hitherto 
pursued  are  accountable  for  the  absence  of  Buccess  that  has  attended 
the  numerous  researches  made  on  this  subject — a  subject,  it  need 
scarcely  be  added,  of  the  greatest  importance  to  toxicology  and  to 
scientific  therapeutics. 
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6.  On  the  Homological  Relations  of  the  Ctalenterata.    By 

Professor  Allman,  F.E.S.K 

Abstract. 

In  this  communicatios  an  Actinozoou  (^cfinta)  vas  compared 
with  a  HydrozooD  (Hydra),  and  the  various  Sub-orders  of  the  Hydro- 
zoa  were  compared  with  one  another. 

The  author  agreed  with  Agaasizin  regardingthe  radiating  cham- 
bers of  au  Aetinia  as  the  homologues  of  the  radiating  canals  of  a 
medusa,  bnt  he  differed  from  him  as  to  the  true  homologies  of  the 
differentiated  atomach-sac  of  Aetinia ;  for  while  Agassiz  regards 
this  as  represented  by  the  proboscis  or  hypostome  of  the  Hydra 
inverted  into  its  body  cavity,  Profeseor  Allman  mtdntains  that  it  is 
impossible  on  this  supposition  to  conceive  of  the  structure  of  Actinia; 
and  on  comparing  a  Hydra  with  an  Aetinia,  he  imagines  the  tentacle 
to  become  connate  for  a  greater  or  less  extent  with  the  sides  of 
the  hypostome  and  with  one  another,  so  that  the  hypostome  of  the 
hydra,  while  retaining  its  normal  position,  will  thus  become  the 
stomach  of  the  Actinia,  and  will  at  the  same  time  become  connected 
with  the  outer  walls  by  a  series  of  radiating  lamelles — the  connate 
tentacle  walls — separated  from  one  another  by  radiating  chambers, 
the  cavities  of  the  tentacles ;  while  such  portions  of  the  tentacles 
of  Hydra  as  still  continue  free  will  be  represented  by  a  single  elide 
of  the  tentacles  of  Aetinia. 

The  author  bad  formerly  compared  the  radiating  canals  of  a 
hydroid  medusa  to  the  immersed  portions  of  the  tentacles  of  a 
Bydra,  and  he  still  maintains  this  view. 

The  strict  parallelism  of  a  eiphonophore  with  a  hydroid  was 
pointed  out,  and  each  of  the  zooids  which  combine  to  form  the 
heteromorphic  siphonopborous  colony  was  shown— as  indeed  Hux- 
ley and  others  had  already  done — to  have  its  representative  in  the 
hydroid  colony,  and  to  be  but  a  slightly  modified  form  of  some 
bydral  zooid. 

In  order  to  understand  the  relations  of  a  discophorous  or 
steganophthalmic  medusa  to  the  other  hydrotoa,  he  supposes  the 
"atrium"  of  a  hydroid  medusa,  or  that  part  of  the  main  body 
cavity  which  is  still  immersed  in  the  solid  proximal  portion  of  the 
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umbella,  at  the  base  of  the  manubrium,  to  be  expanded  laterally, 
and  the  gelatinous  extoderm  of  its  flooi  to  be  projected  along  four 
01  eight  symmetrically  disposed  ladiating  lines  into  as  man;  thick 
pillars,  which  converge  towards  the  axis,  and  there  meet  the  manu- 
brium, vhile  the  thin  intervening  portions  between  the  pillars 
become  developed  into  generative  pouches,  the  velum  at  the  same 
time  disappearing.  A  bydroid  medusa  would  thus,  in  all  essential 
points,  become  converted  into  a  discophoroos  medusa. 

A  Lucemaria  was  conceived  of  by  imagining  a  Hydra  to  have  its 
tentacles  reduced  to  fonr  in  number,  and  expanded  laterally  until 
their  sides  meet  and  coalesce ;  while  the  hypostome  continues  free, 
the  solid  hydrorhizal  basis  becoming  at  the  some  time  extended 
into  a  peduncle  of  attachment  traversed  longitudinally  by  fonr 
canal-like  prolongations  of  the  body  cavity,  or  else  by  a  simple 
continuation  of  this  cavity. 

Lastly,  a  Beroe  was  taken  as  a  type  of  the  Ctenophora,  and  was 
conceived  of  as  a  hydroid  medusa  so  modified  as  to  become  reduced 
to  the  atrial  region  alone.  The  two  lateral  canals  which  spring 
from  the  somatic  cavity  in  Beroe,  and  subdivide  so  as  to  form  ulti- 
mately the  eight  meridional  canals,  correspond  to  the  greatly  deve- 
loped baeal  portion  of  the  radiating  canals  of  the  medusa,  or  that 
portion  of  those  canals  which  is  still  contained  within  the  solid 
summit  of  the  umbella ;  the  affinities  of  the  Ctenophora  being  thus 
directly  with  the  Hydroeoa  instead  of  the  Aetinoxoa. 

The  author  finds  the  key  to  the  homology  of  Seroe,  and  the  tran- 
sition between  the  Ctenophora  and  the  Eydroida  in  the  singular 
ambulatory  gonophore  of  ClavtUella. 
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The  following  Donations  to  the  Society  were  aunoiuiced  : — 
Agassiz  (Louis).    Address  delivered  on  the  Centennial  Anniver- 

saif  of  the  Birth  of  Alexander  yod  Hamboldt,  under  the 

auspices  of  the  Boston  Society  of  Katnral  History.    Sro. — 

From  the  Author. 
Anderson  (Benjamin).    Narrative  of  a  Jonmey  to  Mnsardn,  the 

Capital  of  the  Western  Mandingoes.    New  York,  1870.    8vo. 

— From  (Ae  Author. 
Asman  (Dr  P.   H,).    Proeve   eener    Geneeekandige  Plaatsbes- 

chrijving  ven   de  tremeente  Leeuwarden.      Utrecht,    1870. 

4to, — From  the  Author. 
Benson  (Prof.  Lavrence  S.).    Dissertation  on  the  Frinciples  and 

Science  of  Geometry.  NewYori,1871.  8vo. — From  the  Author. 
Breen  (Hugh).    Corrections  of  Bouvsxd's  Elements  of  Jnpiter  and 

Saturn.     Paris,  1821.— From  the  Author. 
Brown  (Robert,  Ph.  D.,  A.M.).    Descriptions  of  some  new  or  little 

known  species  of  Oaks  fVom  Nurth-West  America.    (From 

Ann.  Mag.  Nat.  Hist.,  April  1871).     8vo.— from  tht  AtUhor. 
On  the  Physics  of  Arctic  Ice,  as  Explanatory  of  the 

Glacial  remains  in  Scotland.    (From  Quart.  Jonr.  Geol.  Soc., 

Feb.  1871).     Svo.— From  the  Author. 
Oolding  (A.).    Om  Str<emningsforhoIdene  i  almindelige  Ledninge- 

rog  i  Havet.    Ejcebeohavn.     4to. — From  tht  Author. 
Day  (St  John  Vincent).     On  some  Evidences  as  to  the  very  early 

use  of  Iron.     Edinburgh,  1871.     8vo.~From  the  Author. 
Flora    Bstava.      Nob.    211-215.      Amsterdam.      4to. — From  the 

King  of  Holland, 
Gould  (Augustus  A.,  U.D.).    Report  on  the  Inrertehrata  of  Mas- 

sachueetts.     Boston,  1870.     8yo.-~From  the  Boston  Society  of 

Salurtd  SUtory. 
Journal  (American)  of  Science  and  Art,  conducted  hy  Benjamin 

Silliman.     No.  148, 149, 150.    Vol.  I.  Third  Seriee,  No.  1, 2, 

3.    New  Haven.    8vo. — From  the  Editor. 
Julian.    Biology  v«rsu$  Theology  or  Life  on  the  Basis  of  Hylozo- 

ism.      Lewes,  1S70.     Svo.—From  the  Author. 
Lea  (Isaac,  LL.D.).    Index  to  Vol.  XII.  of  Observations  on  the 

Genus  Unio.     Philadelphia,  1869.    4lo. — From  the  Author, 
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Lea(lBaac,  LL.D.).     A  SyQOpsisof the  Family  Unionidoe.     FbUa- 

dolphio,  l'870.     ito.— From  the  Author. 
Miller  (Rev.  Ja8.  N.)-    The  true  Direction  and  Velocity  of  Wind 

obsGired  from  ehipa  while  sailing.     London,  1S70.     8vo. — 

From  ihe  Author. 
Packard  (A,  S.),  M.D.    Record  of  American  Entomology  for  1868. 

Salem,  1869.     8vo.— /"rom  the  Author. 
Famsh  (R.  A.,  Jun.).    Details  on  an  Unpaid  Claim  on  France  for 

24,000,000  francs,  guaranteed  by  the  Parole  of  Ifapoleon  III. 

Philadelphia,  1869.     8vo,— From  the  Author. 
Paacncci   (Frof.  Luigi).     Brevi    Cenni     sulle   Speciality    Mattel 

con  snnto  dello  Malatte  Senate  nella  Gitt&  di  Boma  1869. 

Rome  1870.     Svo.— From  the  Author. 
Preger  (Wilbelm).    Die  Enlfaltung  der  Idee  des  Menachen  durch 

die  Weltgeschichte.     4to. — From  the  Author. 
Bive  (Prof.  A.  de  la).     Becherchea  but  la  PolariBation  rotatoire 

magn6tique  dcB  Liquides.     8vo.—From  the  Author. 
Settimanni  (Capt.  Cesar).     Nouvelle  Thgorie  des  prinoipaux  &- 

mente  de  la  Lune  et  du  Soleil.    Florence,  1871.    4to. — from 

the  Author. 
Simpson  (Martin).     A  Guide  to  the  Geolt^y  of  the  Yorkshire 

Coast.     4th  Edition.     London,  1868.     8vo. — From  the  Author. 
Sobrero  (Ascanio).    Notizia  Storica  dei  Lavori  fartti  delU  Claase  di 

Scienze  Fisiche  Hatematiche  della  Beale  Accademia  delle 

Scienze  di  Torino  negli  anni  1864  e  1865.    8vo. — From  the 

Author. 
Stewart  (B.).    Account  of  Certain  Experiments  on  Aneroid  Bar- 
ometers made  at  Eew  Observatory.     8vo. — From  the  Author. 
Strecker  (Adolph).    Jahresbericbt  iiber  die  Fortschritte  der  Chemie, 

&o.,  far  1868.     Heft  3.    Giessen.     8to. — From  the  Editor. 
Thayer,  0.  F.,  and  Bnswell,  H.  T.    Addreea  and  Ode  delivered  at 

the  Dedication  of  Memorial  Hall,  Lancaster,  17th  June  1868, 

Boston,  1868.     Bvo.—From  the  Author*. 
Thomsen  (Julias).    Therm ocb em iske   undereoegelseo.     Kjoeben- 

bavD.     4to. — From  the  Author. 
Zittel  (Cul  Alfred)  Densohrift  auf  Christ.  Erich   Hermann  von 

Meyer.    Munich.    4to. — From  the  Author. 
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ACADBHIES. 

Amsterdam, — Jaarboek  van  de  Eoninklijke  Akademie  van  Weteo- 

schappen   gevestigd  te  Amsterdam  tooi    1869.     8vo. — 

From  the  Academy. 
ProceBBeD-verbaal  van  de  Gewone  Vergaderingen,  der  Kod- 

inklijke  Akademie  van  WeteDSchappen,  1870.     Sva — 

From  the  Academy. 
VerhaudelJDgen  der  EoniDklijke  Akademie  van  Weteoe- 

chappen  Dee!  V.     4to. — Frtrm  the  Academy. 
Vei-slagen  en  Mededeelingen   der  Eoninklijke   Akademie 

van  Wet  en  schappen    Natuurkunde.     Deel  IV.     Letter- 

kunde  Deel  XII.     8vo. — From  Ike  Academy. 
Aaguxta,    U.   8. — 3d  Report  of  the    CommisEioner   of  Fisheries 

of  the  State  of  Maine,  1869.     8vo. — From  the  Cammts- 

Bahimore. — Proceedings  of  the  Board  of  Trustees  of  the  Peabody 

Institute.    Nov.  1870.    8vo.— IVom  &e  InttituUi. 
Berlin. — Abbandlnngen  der  Koniglichen  Akademie  deiWissens- 

chsften.     1869.     I.,  II.     ito.— From  the  Academy. 
Monatsbericht  der  Koniglich  FreusBiBchea  Akademie  der 

WissenBohaften,  Junt,  Juli,  August,  September,  October, 

November,  December,  1870.    January,  February,  March, 

April,  1871.     8vo. — From  the  Academy. 
Die  FortBcbritte  dei  PbyBik  in  Jahre  1867,  dargeetellt  von 

der  PhysikalischeQ  Gesellschaft  zu  Berlin.     Jahrgang 

XXIII.     8yo.— From  the  Society. 
VerzeichnisB  der  Abhandtungen  der  Eoniglich  PreuBsischen 

Akademie  der  WisBenschaften  von  1710-1870.     8vo.— 

From  the  Society. 
Berne. — Mittbeilungen  der  Naturforschenden  Gesellecbaft  in  Bern 

aus  dem  Jahre  1869.    Nob.  684-711.     8vo.— From  the 

Society. 
Materiauz  pour  U  Carte  C^ologique  de  la  SuisBe.     Liv.  7-8. 

4to. — From  the  Natural  History  Society. 
Birmingham. — Ninth  Annual  Report  of  the  Free  Libraries  Com- 
mittee.    1870.     8vo.— /Vom  the  Committee. 
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Bologna, — Memorie  dell  Accademla  delle  Scienze  dell  Iiistituto  de 
BologDa.     Tome  IX.     Fasc  1-4.    ito~From  the  Aea- 

fio»(»».— Bulletin  of  the  Public  Library.    No.  16.    1871.    8vo. 

/Vom  the  LArary. 
FroceedingB  of  the  Boston  Society  of  Natural  HiBtory,   Vol. 

XIl.-XIII.     8to.— From  the  Society. 
Brmaeh. — BnlletiQ  de  TAcademie  Koyale  dee  Scienoee  des  Lettres 

et  des  Beanx-Arts  de  Belgiqne.    Tcme  XXX.,  Noa.  7-9, 

11-12;  XXXI.,  Nc8.  1,  2,  3,  4.     8vo.— Fwn  the  Aca- 

Caleutia. — Journal  of  the  Asiatic  Society  of  Bengal.    Part  I.,  Noa. 

2,  3,  4 ;  Part  II.,  Nob.  2,  3.    1870.  Rvo.— From  Iht  Society. 
Proceedings  of  the  Asiatic  Society  of  Bengal.    Noa.  6,  7,  8, 

9,   10,    11,    1870;    Noe.  1,    2,    1871.     8vo.— From    the 

Society. 
Cambridge  {U.S.). — Memoirs  of  the  American  Academy  of  Arts 

and  Sciences.    Vol.  III.  Part  II.;  IV.  Part  I.    4to.— 

I^rvm  the  Academy. 
Annual  Report  of  the  Librarian  of   Harvard  University, 

1863-1864  and  1869.     8vo.— fVom  the  Univertity. 
New  Catalogue  of  Harvard  College  Library.     8vo. — From 

the  College. 
Annual  Reports  of  the  President  and  Treasurer  of  Harvard 

College,  1868,  1869.     Svo.—From  the  College. 
Addresses  at  the  Inauguration  of  Charles  William  Eliot  as 

President  of  Harvard  College,   1869.      Svo.—From  the 

College. 
Catalogue  of  Officers  and  Students  of  Harvard  University 

for  1869-70.     Bvo.^From  the  University. 
Catalogue  Senatus  Academici  Collegii  Harvardiani,  1869. 

'870. — From  the  College. 
Catalogue  of   the  Collection    of  Engravings  bequeathed 

to  Harvard  College  by  Francis  Calley  Cray.     By  Louis 

Thiea.     ito.—From  the  College. 
Proceedings  of  the  AmeTican  Association  for  the  Advance- 
ment of  Science,  1868  and  1869.     8vo.— From  the  Aeeo- 

eiation. 
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Cambridge  (^U,8.) — Fiooeedings  of  the  AmeiicEtD  Academy  of  Aits 

and  Soienoes.     Vol.  II.- VIII.     8vo. — fVom  the  Academy. 
Canada. — Report  of  Progress  of  Gleological  Survey  of,  for  1866- 

1869.     Svo.— From  the  Sttrwy. 
Cincinnati. — AaiiDal   Beport  of  the   Director  of  the  CiDcinoati 

Obgervtttory.     1870,     Svo. — From  the  Obeervatory. 
Cherbourg. — MSmoires  de  U  Soci£t6  Imperiale  des  Sciences  Natn- 

relies.     Tome  XIII.,  XIV.     Bvo.— From  the  Soeiet^. 
Copenhagen. — Oversigt  over  det  EoogeUge  danske  TidenekaberDee 

Selskabs,  Forhandlinger  og  dots  Medlemmers  Arbeidei  i 

Aaretl868,  No.  6;  1869,  No.  4;  1870,  Noa.  1,  2.    Svo. 

-—From  the  Royal  Academy  of  Science!. 
Dorpat. — Meteologiscbe  Beobachtungen.     1869.     Svo. — From  the 

Univeriity  of  Dorpat. 
Dublin, — Journal  of  the  Boyal  KubliD  Society.    No.  39.    8vo.— 

From  the  Society. 
Edinburgh. — Transactions  of  the  Royal  Scottish  Society  of  Aita. 

Vol.  VIII.  Part  II.     8vo.— from  the  Society. 
Transactions   and  Proceedings  of  the  Botanical  Society. 

Vol.  X.  Part  II.     Svo.— From  the  Society. 
TrausBotions  of  the  Highland  and  Agricultural  Society  of 

Scotland.     No.  6,     8vo. — From  the  Society. 
Journal  of  the  Scottish  Ueteorological  Society.     Nob.  27, 

28,  29,  30.     Bvo.—From  the  Society. 
Quarterly  Returns  of  the  Births,  Deaths,  and  UarriageB 

Registered  in  the  Divisions,  Counties,  asd  Districts,  of 

Scotland.    Nob.  63  to  65.     1870.    Uonthly  Betoms  of 

the  same  from  July  to  December  1870,  and  from  Jannaiy 

to  May  1871.     &vo.-~From  the  Registrar-General. 
Fourteenth  Detailed  Annual  Beport  of  the  Registrar-General 

of  Births,  Deaths,  and  Harriages  in  Scotland.     8vo.— 

From  the  Megittrar-Oeneral. 
Forty- third    Annual     Report    of    the    Conn  oil    of    the 

Royal  Scottish   Academy   of  Painting,   Sculpture,  and 

Architecture.     Svo. — From  the  Academy. 
Supplement  to  Catalogue  of  the  Library  of  the  Boyal  College 

of  Physicians,  1863-70.     ito.—From  the  College. 
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Franj^^.— AbhaDdlnDgen  heraasge(^beD    tod   der  SenckeDber- 

gischeu     NatuTforschenden    G^sellsobaft.      Band    VII. 

Heft  3-4.     4to.— /"rom  the  Society. 
Berioht  iiber  die  Senckenbergiscbe  Naturforeohende  G«ae11- 

Bchaft,  1869-70.     Svo.—From  the  Society. 
Geneva, — U6moires  de  la  Soci6t4  de  Fbysique  et  d'Hietoire  Natur- 

elle  de  Gkofive.     Tome  XX.  Partie  2.     ito.—From  (Ae 

Society. 
Oottingen. — Abhandlnngen  der  Edniglichen  G«Betl8cbaft  der  Wis- 

BenacbafteD.     Buid  XV.     4to. — From  the  Society. 
Nachrichteu  von  der  E.  GesellBcliaft  der  WiseeDschaften 

nnd  der  Georg-AuguBtB-TTDiTersitat,  1870.   12mo. — From 

ike  Society. 
Oreenwich. — Aatronomical    and  Magnetical    and    Meteorological 

ObeervatioQB  made  at  the  Royal  Observatory  in  the  year 

1868.     London,  1870.     ito.—From  the  Society. 
ifoorfcm.— ArchivoB  dn  Mnafie  Teyler.     Vol.  III.  Faac  1.     8vo.— 

From  the  ifusetim, 
Inntbruck. — E^richte    dea    NatniwiBsenHchaftlicb-Mediziniscben 

VereinoB  in  Innabrnck.    Jabrgang  I.  Heft  1-2.     8to. — 

From  the  Society. 
Jena. — Jenaiache  Zeitacbrift  fiir  Uedcin  nnd  NaturwiseenBchaft 

berausgegeben  von  der  MediciniBch  Naturwiasenschaft- 

lichen  Gesellachaft  zu  Jena.    Band  V.  Heft  3-4.    Band 

VI.  Heft  1-2.     8vo.—FTom  the  Society. 
Ktttan. — EeportB  of  the  Univeraity  of  Kasan,  1865-1869.     8vo.— 

From  the  Vhivertity. 
ffvei.— Schriften  der  Univereitftt,  1869.     Band  XVI.     4to.— Fiwn 

the  Univertity. 
Leeds. — 15th  Report  of  tbe  Pbiloeophical  and  Literary  Society, 

1869-70.     &\o.—From  the  SoeiHy. 
Leeutcarden. — Nederlandsch    Eraidkundig  Archief,    Vijfde   deel. 

Viorde  Stok.     1870.     8vo.~Prom  the  Editors. 
Leipzig. — Berichte  nber  die  Verbandlungen  der  Kdntglich  Sachaia- 

chen  Gesetlecbaft  der  WiBeenacbafien  zu  Leipzig.     Pbil. 

HUt.  Clasae.     1868,  Nos,  2,  3 ;  1869,  Nob.  1-3.     Math. 

Phya.  Claase,  1869,  Nob.  2-3-4;  1870,  Nob.  1-2.     8vo. 

— From  the  Royal  Saxnn  Atfidemy. 
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Leiptig. — BestimmuDg  der  SonDeuparallaxe  durcb  Veniuvotiibei- 

^Dgevorder  Sonneuacheibe  mit  BeBondererBenickBichti- 

gnng  des  im  Jahre  1874  eiDtreffendeD  vonibergangeB  vod 

P.  A.  HatiBeD.    Baod  IX.  No.  5.    8to.— fWm  the  Soy(U 

Saxon  Academy. 
Elektrische  TJoterauchungen  ueber  die  Theniio-«1ektricben 

Bigenschaften  des  Topasee.    Band  YIII.,  IX.     No.  4. 

W.  G.  Hankel.     8to. — From  the  Royal  Saxon  Academy. 
Erophile  Vulgaergriechiecbe  Tragoedie  von  Gr«orgioe  Chor- 

tatzes  ans  Ereta.    Em  Beitrag  znr  Geachichte  der  Nen- 

griechischeu  uii'd  der  Ital^ischen  Litteratur  ron  Conrad 

Bursian.     Band     V.     No.    7.     8vo. — From    the    Boyal 

Saxon  Academy. 
Tafeln  der  Ampbitrite  mJt  berucksicbtigung  dei  Storungen- 

dnrcb  Jupiter,  Saturn,  und  Mare,  entworfeo  von  Dr  E. 

Becker.     4to. — From  the  Astronomical  Society, 
VierteljafarBscbrift  der  ABtronomiBcben  Geeellscbaft ;  Jabr- 

gang  V.    Heft   2,   3,  4;    Jahrgang  VI.  Heft  1.— From 

the  Society. 
Leydeti. — Annalen  der  Stemwarle.    Zwoiter  BaDd.     1870.     4to. — 

From  the  Observatory. 
London. — TraiiBactioDB    of    tbe    Society    of    Autiquartea.      VoL 

XL.    Part  2.     XLII.  Part  2.      XLIII.  Part  1.     4to.- 

From  the  Society. 
Proceedings  of  tbe  Society  of  Antiquaries,  VoL  IV.,  No6. 

7,  8,  9.     SfQ.—From  the  Society. 
Journal  of  tbe  Society  of  Arts,  1870-71.    8vo.— From  the 

Society. 
Journal  of  tbe  Royal  Asiatic  Society  of  Great  Britain  and 

Ireland.     Vol.  V.  Part  1.    Svo.— From  the  Soci^. 
Memoirs  of  tbe  Royal  Astronomical  Society,  Vol.  XXXVII. 

Parts  1,  2.     Vol.  XXXVIII.     4to.— .Pnm  the  Society. 
Montbly  Notices   of  the  Rcyal  Astronomical  Society  for 

1870-71.     8vo.— from  the  Sociay. 
Journal    of    tbe    Cliemical  Society.     September,    October, 

November,  December,  1870.     January,  February,  March, 

April,  May,  June,  1871.     8vo. — From  the  Society. 
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London. — TranBaclions  of  the  Clinical  Society,  Vol.  III.    8vo. — 

From  the  Society. 
A  General  Icdex  to  the  first  Twenty-Nine  Volumes  of  the 

Monthly  Notices  of  the  Royal  Aetionomical  Society. 

8to. — From  the  Society. 
Proceedings  of  Ihe  InetitatioD  of  Civil  Engineers.     VoU. 

XXIX.,  XXX.     8vo.— from  iht  Society. 
Catalogue  of  the  Library  of  the  Institution  of  Civil  En- 
gineers.   Supplement  to  Second  Edition,  1670.    8vo. — 

From  the  L^yrary. 
Education  and  Status  of  Civil  Engineers.    Svo. — From  the 

Society. 
Proceed ings   of   the   Royal   Geographical   Society.     Vol. 

XIV.  Nos.  3,  4,  5;    Vol.  XV.  No.  1.     8vo.—From  the 

Society. 
Address  at  the  Anniversaiy  Meeting  of  the  Royal  Geo- 
graphical Society,  1871,  by  Sir  Roderick  ImpeyMurchi- 

son,  Bart.     Svo. — From  the  Society. 
Quarterly  Journal  of  the  Geological  Society.    Vol.  XXVI. 

Parts  3,  i  J  Vol.  XXVII.  Parts  1,  2.      8vo.— f »wn  the 

Society. 
Geology  of  the  Country  between  Liverpool  and  Southport, 

and  Explanation  of  Geological  Map,  90°  S.E.    Svo. — 

From  the  Geological  Survey. 
Catalogue  of  the  Published  Maps,  Sections,  Memoirs,  &c., 

of  the  Geological  Survey  of  the  Unit«d  Kingdom  up  to 

July  1870.     Svo. — From  the  Survey. 
Eiplanation  of  Quarter  Sheet,  93°  S.W.,  of  the  One-Inch 

Geological   Survey  Map  of  England.      Svo. — From  the 

Survey. 
Mineral  Statistics  of  tbe  United  Kingdom  of  Great  Britain 

and  Ireland  for  1869.     Svo. — From  ihe  Geological  Survey. 
Annual  Report  of  tbe  0«ol(%ists'  Association  for  1S70,  and 

List  of  Members,    Svo. — Front  the  Attodalion. 
Proceedings  of  the  Royal  Institution  of  Great  Britain.  Vol. 

V.  Part  7.     Vol.  VI.  Parts  1,  2.  Svo.— from  the  Society. 
List  of  Members  of  the  Royal  Institution  of  Great  Britain 

8to, — From  the  Society. 
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London. — Jaamal  of  the  London  Inatitntion.  Vol.  I.,  Nos.  1, 2,  8, 4, 

5,  6.     8vo. — From  the  Institution. 
Journal  of  the  Liooeon   Society.      Vol.   XI.  (Botany) ; 

Nos.  54,  55,  56;  Vol.  XI.  (Zoology),  Noe.  49,  50,  51. 

Svo.^From  (Ae  Society. 
ProcoediDgB  of  the   Linneon   Society,   Seeaion    1869-70, 

1870.-71.     8vo.—From  the  Society. 
Proceedings  of  the  Uatbematical  Society.     Nob.  27-31, 

32,  33,  34.     $vo.—From  the  Society. 
Proceedings  of  the  Boyal  Medical  and  Chinirgical  Society. 

Vol  VL  No.  7. 
Traosactions  of  the  Boyal  Medical  and  Chinirgical  Society. 

Vol.  LIII.     8vo.—From  the  Society. 
Proceedings  of  the  Meteorological  Society.     Vol.  V.  Nos. 

51,  52,  53,  54,  55.     Svo.— from  the  Soci^y. 
Transactions  of  the  Pathological  Society.    Vol.  XXI.    8va. 

— Front  the  Society. 
Transactions  of  the  Soyal  Society.     Vol.  CLX.  Part  I.,  II. 

List  of  Members.    4to. — From  the  Soddy. 
Proceedings  of    the    Eoyal   Society.      Vol.   XVIII.    Noe. 

122,  123,  124, 125, 126, 127, 128.  8vo.— from  tte  Society 
Boya)  Society  Catalogae  of  Scientific  Papers.      Vol  IV. 

4to. — From  the  Society. 
Quarterly  Weather   Report  of  the  Meleorolt^cal   OfSce. 

Parts  2,   3,    4.     1869.      4to.— From  the  Meteor(^ogical 

Committee  of  the  Soyal  Society. 
Beport  of  the  Meteorological  Committee  of  the  Royal  So- 
ciety,  for   Tear  ending  1869.      8vo.— From   the    Com- 
mittee. 
TrausactloDS  of  the  Royal  Society  of  Literatnre.     Vol.  IX. 

Part  3.      8to, — From  the  Socieiy. 
Journal  of  the  Statistical  Society.     Vol.  XXXIII.  Parte 

3,  4.     XXXIV.  Part  1.     8vo.— From  the  Societg. 
Transactions  of  the  Zoological  Society.     Vol.  VII.  Parts 

3,  4,  5.     4to.— Fron.  the  Society. 
Proceedings  of  the  Zoological  Society,  1870.     Parts  1,  2,  3. 
8vo. — From  the  Society. 
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London. — Beports  on    Experiments   made    with   the   Bubfortb 

ChroDograpb  to  detenoine  the  BeeiBtance  of  the  Aii  to  the 

Motion  of  Projectileg.    1865-1870.    8vo.~From  E.M. 

Stationery  Office. 
Barometer  Manual  (1871).    Svo.—From  the  Board  of  Trade. 
Milan.    Atte  delta  Society  Italianadi  ScienzeNaturali.  Vol.  XII. 

Faac.  4.    Vol.  XIII.,  Faac.  1,  2,  3.    Vol.  XIV.  Fasc.  1. 

8vo. — From  (he  Society. 
Mmcow. — Bulletin  de  la  Soci6te  Jmp6ria)e  des  Naturaliites.     1870. 

Noa.  1,  2.     8vo.—From  the  Society. 
^un»c&.— Abhandlungen  der  koniglicb.  bajeriBchen  dei  Wieeen- 

BchafteD.    Mathematisch-Physikaiischen  Classe,  Band  X., 

Abth.  3.    Philosophisch-PhilologiBchen  Claese,  Band  XII. 

Abth.  1. — 4to. — From  the  Academy. 
Sitzungebericbte  der  konigl.  bayer.  Akademie  der  Wis- 

eenschaften.    1870,  Band  I.  Heft  1,  2,  4;  Band  II.  Heft 

1,  2.     8vo. — From  the  Society. 
Neudiatel — Bnlletin   de  la   Society  dea  Sciences   Naturelles  de 

Neuchatel,     Tome  VIII.  No.  3.     8vo.— From  the  Soeidy. 
New  Ycrrh — Monthly  Beport  of  the  Deputy  Special  Commigsioner 

of  the  Bevenue  in  charge  of  the  Bureau  of  Statiatica, 

Treasury  Department.     1869-70.     4to.— JVom  the  Com- 


52d  Annual  Report   of  the  Trusteea  of   the   New  York 

State  Library.     1870,    8to. — From  the  Ltbrary. 
81st  and  82d  Annual  Beports  of  the  Regents  of  the  Uni' 

versity  of  the  State  of  New  York.       8vo. — From    the 

University. 
22d  Annual  Report  of  the  Regents  of  the  University  of  the 

SUte  of  New  York.    (Nat.  Hist.  Antiq.  1869).    8vo.— 

From  the  University. 
Ohio. — 23d  Annual  Report  of  the  Ohio  State  Board  of  Agriculture, 

1868.     CJolumbuB,  1869.     8vo.— From  the  Board. 
Poria,— Annales  dea  Mines.    Tome  XVII.  Liv.  1,2,3.     8vo.— 

From  the  Eeole  det  Mines. 
Bulletin  de  la  SociSt^  de  Oeographie;  Jnillet,  Aout,  Sep- 

tembre,  Octobre,    Novembre,  Decembre  1870;    Janvier, 

Fevrier  1871.     8vo.— JVwn  the  Society.      • 
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Paris. — Bulletin  de  la  Society  de  Gfiographie;  Juin  1870.     8vo. 

— From  lite  Society. 
Gomptes-Bendns  Hebdomodoiree  dea  Stances  de  I'Academie 

dee  Sciences,  1870-71.     4to. — From  the  Academy. 
Pest. — A  Magyar  Tudom&nyoB  Akodemie  Ertesitdje;  Szim  9-20, 

18G8;  SzSm    1-20,    1869;     Szim    1-12,   1870.      8vo.— 

From  the  Academy. 
Ertekezesek  a  Mathematikai  Osztaly  Edr^bol  Eiadja  A.  M. 

Tudom&uyoa  AkadSmia.    Szkm  3,  4,  1868-69.     8to.— 

From  the  Academy. 
Grtekez^Hek  a  Tenneszettudom&nyok  Edrebol  Eiadja  A.  M. 

TudominyoB  Akad^mia.  Szim  13-19,   1868-69;  Szim 

1,  2,  1870.     8vo.—From  the  Academy. 
Philadelphia. — Proceedings  of  the  Academy  of  Natural  Science)'. 

Nos.  3,  4,  1869.     Svo.—From  the  Academy. 
Proceedings  of  the  American  Philosopliical  Society.     Vol. 

XI.  No.  82.      8vo.— From  the  Society. 
Qudtee. — Transactions  of  the  Lit«rary  and  Historical  Society.     New 

Series.     Part  7.     8vo. — From  the  Society. 
Botterdam. — Nieuwe  Verhandelingen'  van  het  Bataafach  Genoot- 

schap  der  Proefondervindelijke  WiJBbegeerte,  Deel  II. 

Stak  1.     4to. — From  the  Society. 
St  Petersburg. — Bulletin  de  TAcad^mie  Impgriale  dee  Sciences  de 

St  Peterebourg.     Tome  XV.  Nos.  1,  2.     4to.— fVoni  the 

Academy. 
Compte-Bendu  de  la  Commission  Imp^riale  Arch6ologiqne 

pour  I'Annee  1868.    4to.  (Atlas  Fol.)— i^rom  Ae  Com- 

MemoireaderAcadgmielmperiale  des  Sciences  de  St  Peters- 

bourg.  VII*  SSrie.    Tome  XV.  Nos.  5-8.   4to.— *'rom  the 

Academy. 
Sa^wn,  ^<Ms.— The  American  Naturalist.   Vol.  III.;  Vol.  IV.  Nos. 

1,  2.     8Ta — From  the  Peahody  Academy  of  Science. 
First   Annual  Beport    of    the   Trustees  of    the    Peabody 

Academy  of  Science    1869.      8vo. — From    the  Peahody 

Academy  of  Science. 
Bulletin  of  the  Essex  Institute.     Vol.  I.     8vo. — From  the 

ImtituU. 
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Salem,  U.S. — Froceedinge  of  the  Eeses  lustitute.    T?ol§.  I.,  II., 

ni.,  VI.    Part  I.    Bvo.— From  the  Ttulitute. 
Toronto. — Canadian  Jouroal  of  Science,  Literature,  aad  History. 
Vol  XII.  No.  6;  XIII.  No.  1.     Sva.— From  the  Canadian 
Initiiule. 
Turin. — Atti  della  Reale  Accademia  delle   Scienze  Appendice. 
Vol.  IV.;  Vol.  V.    Disp.  1-7.    8vo.~From  the  Academy. 
BoUettino  Meteorologico  ed  ABtronomico  dal  Begio  Osser- 
vatorio,  dell'  TJoiversita,  1869.    4t«. — From  the  Univertitt). 
Upiala. — Bulletin  Met^rologique  Menauel  de  t'Obeervatoire  de 
rUnivereitfi.    VoL  II.  Nob.  1-6.    ito.— From  the  Vni- 
vertily. 
Nova  Acta  Begiie  Societatis  Scientiarum  UpBaliensia.    Vol. 
VII.  Fasc.  I,  2.     ito.— From  the  Society. 
Utrecht. — M6moiie  eur  le  genie  PotSrion  par  P.  Harting.     4to. — 
From  Society  of  Artt  and  Sciencei,  Utrecht. 
Verelag  van  het  Verhandelde  in  de  algemeene  Vergadering 
van  hen  Provinciaal  UtrecbtBcb  Genootacbap  vao  Euns- 
ten  en  Wetenscbappen,  1870.     8vo. — From  the  Society. 
Nederlandsch  Meteotologiech  Jaaiboek  1869.     4to. — Fnyni 
the  Meteorological  Inttitttte  of  Utrecht. 
Venice. — Atti    del  Beal  Istituto  Veneto  di   Scienze,  Lettere    ed 
Arti.    Tomo  XIV.  SiapeDso  6-10;  Tomo  XV.  Dispenso 
1_9.     8vo.—From  the  Inititute. 
Victoria,  Attttralia. — Agricullural    Statistics    of    the   Colony  for 
1869-70.     'Fol.—From  the  Hegittrar-Oeneral. 
StatiBtics  of  the  Colony,  1869.     lol—From  the  Registrar- 
Oeneral. 
Vienna. — Denkschriften  der  kaiaeilichen  Akademie  der  Wisaen- 
BChaften.     Phil.  Hist.  Clasee,  Band  XIX.;  Math.  Nat. 
Claese,  Band  XXX.     4to. — From  the  Academy. 
Sitzungaberichte  der  kaiaerlichon  Akademie  der  Wioeeu- 
echaften— Botanik,  Zoologik,  etc.,  Baud  LX.  Heft  3-5: 
B.  LXI.  Heft  1-5 ;  B.  LXII.  Heft  1,  2.    Mathematik, 
Phyeik,  &c.,    B.  LX.   Heft  3-5;  B.  LXL   Heft  1-5; 
B.   LXIL   Heft   1-3.     PhiloaopbiBch.   B.   LSIIL,   B. 
LXIV.,  B.  LXV.,  B.  LXVI.  Heft  1.    8vo.— From  the 
Academy. 
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Vienna. — Almanack  dei  kaiserlicheD  Akademie  derWiaBenschaftetl, 

1870.     8vo.— /"rom  the  Academy. 
PhaDologiscbe  Beobachtungen  aus  dem  Pflanzen  nod  Thier- 

reicbe  tod  Earl  Fritach.     Hert   8.     Jahrgang    1857. 

4to. — From  the  Academy. 
Verb  and  luQ  gen    der      kaiserticb-koniglichea     Zoologiacb- 

Botaniscben  OeBellschaft  in  Wien.     Baud  XX     8vo. — 

From  the  Society. 
Verbandlnngen    der  kaUerlich-koDiglichen    Geologiechen 

ReicbBftnatalt.     1869,  Nob.   6-9,   10-12,   13-18;   1870, 

No8.  6,  7.     8vo.— JVom  the  Society. 
Die  Fossilen  Mollusken  des  Terticer-beckena  von  Wien,  von 

Dr  Homes.     Band  II.  Nob.  9,  10.     iio.— From  the 

Society. 
Jabrbuch  der  kaiserlich-koniglicben  G-eologiscben  Beicb- 

eanstalt.    Band  XIX.  No.  2;  R  XX.  Noa.  2-4.  8vo.— 

From  the  Society. 
Warwick. — Tbirty-fourtli  Aanual  Beport  of  Natural  Histoiy  and 

Archaeological  Society,  1870.     8to. — From  the  Society. 
Waskiiiglon. — Astronomical  and  Meteorological  ObserratioQB  made 

at  the  United  States  Naval  Obserrator;  during   1867. 

4to. — From  the  United  Stales  Oovemment. 
Smithsonian  Contributions  to  Knowledge.    Vol.  XVI.    4to. 

— From  the  Institution. 
Smithsonian    Contrlbntious    to    Knowledge. — Tbe  Trona- 

atlantic  Longitude  aa  determined  by  tbe  Coast  SuTvej 

Expedition  for  1866.     By  Benjamin  Apthorp  Oould, 

1669.     ito.—From  the  Smithsonian  Institution. 
Bmithaonian  Uiscellaneoua    CoUectiona.     Vole.  VIII.  and 

IX.     8vo.—From  the  Institution 
Annual  Report  of  the  Board  of  Regents  of  tbe  Smitbsonian 

Institution  for  1868.     8vo. — From  the  Institution. 
Twelfth  Annual  Report  of  tbe  Columbia  Institution  for  tbe 

Deaf  and  Dumb,  1869.     8vo.— From  tie  Institution. 
Report  of  tbe  Commiasioner  of  Agriculture  for  1666.     8vo. 

— From  the  United  States  Government. 
Monthly  Reports  of  tbe  Department  of  Agriculture  for  1869. 

Edited  by  J.  B.  Dodge.     Svo.— from  the  Editor. 
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Wathinglon. — Report  of  the  Superintendent  of  the  United  States 
Coast  Survey  for  1866,     4to. — From  the  Sumey. 

Wellington  (New  Zealand).— %\MiiSiX(»  of  New  Zealand  for  186K. 
Fol.     Wellington,  1870.— from  the  Segislrar-General. 

Whitbtf. — Forty-eighth  Beport  of  the  Literary  and  Philosophical 
Society,  1870.     8vo.— From  the  Society. 
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PEOCEEDINOS 


EOYAL  SOCIETY  OF  EDINBURGH. 


ElQHTT-NlHTH  SkSMON. 

MonHay,  27 (A  JVovem6firl871. 

Sib  BOBEBT  CHBISTISON,  But.,  President,  in  the  Chair. 

The  following  Conncil  were  elected  :— 

Preridettt. 
Si>  BOBEBI  OHBISTISON,  Bui.,  M.I>.,  D.UL. 


t 


Honorofy  Vict-Prttideai. 
Hu  GucB  TBJE  DIJ££  OF  ASGTLL. 


Viot-Prtndentt. 
Prafeosor  KsLLAKD.  I  Pnncipal  Sii  Alkz.  Gbavt,  But. 

The  Hon.  Lord  Nba.te8.  Sir  W.  STiRLiN0-M^xwEU.3aTt 

Profesaor  Sit  William  Thomson.  I  ProfestoT  W.  J.  Macquobk  Raskiiie. 
Otnerai  Seerttary — Dr  JoHX  Huttoh  Balfock. 

Sceretorui  to  Ordinary  Mtetingt. 
ProfesBOT  Tait. 
Professor  Tukhbh. 

7V«(uur«r— David  Smith,  Esq. 
CaratOT  of  lAbrivnj  and  Muteum — Dr  Maculqan . 

Couneiliori. 

Profeaeor  Geieik.  .  i      Di  Thokab  R  FBABsn. 
ProfBBaor  A.  Crdm  Bbowk.  Dt  Abthhii  Gamobk, 

Rev.  W.  LiNDeAT  ALCXASDEa.  Alezakder  Bochan,  Esq. 

Profesaor  Flesmiho  Jenein.  Pro£  A.  Dickson. 

Prot  WrriLLB  Thomsok.  D,  Mit.he  Hohb,  Esq. 

Jameb  Domaldsok,  Esq.  |      James  Leslie,  Esq.,  C.E. 
VOL.  m.  i  B 
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Monday,  Ath  December  1871. 

A  Marble  Bust  of  the  late  Sir  Roderick  I.  Mnrchiflon,  Bart, 
by  Weekes,  was  presented. 

Although  the  Bust  was  only  placed  in  the  Hall  at  this  time,  the 
offer  of  it  to  the  Society  was  mads  by  Sir  Roderick  I.  Hnichison 
in  June  1871,  in  the  following  letter  to  the  President  :— 

■  16  Belooatk  Sqcabe,  26tA  June  1S71- 

Ut  skar  PBorKseos, — As  it  ie  very  improbable,  indeed — naj, 
almost  a  certainty — that  I  shall  sot  be  able  to  attend  the  meeting 
of  the  British  Association  at  Edinburgh  this  year,  I  wish  to  send, 
as  my  representative,  a  marble  bust  of  myself,  executed  by  Ur 
Heury  Weekes,  B.A.,  and  which  is  on  the  point  of  completion. 

I  beg  to  be  informed  if  the  Council  of  the  Boyal  Society  of 
Edinburgh,  over  which  you  preside,  wiU  accept  this  bust  as  a 
donation  from  myself,  in  gratitude  for  the  great  honour  they  con- 
ferred ou  me  many  years  ago,  by  enrolling  my  name  in  their  dis- 
tinguished list  of  honorary  members ;  also  iu  recollection  of 
another  great  honour  which  they  conferred  on  me,  by  granting  to 
me  the  first  Brisbane  gold  medal  for  my  labours  in  Scottish 
geology.  If  you  aseeut  to  this  proposal,  I  will  direct  Mr  Weekes 
to  transmit  the  bust  to  the  Secretary  of  your  Boyal  Society,  in  the 
hope  that  yon  will  place  it  in  the  same  building  as  the  busts  of  our 
other  scientific  countrymen  whom  you  have  thus  honoured. 

I  have  also  written  to  David  Milne  Home  on  this  point,  and 
have  assured  him,  at  the  same  time,  that  I  will  do  everything  in 
my  power  to  support  the  memorial  to  the  Government  to  assist  the 
Boyal  Society  of  Edinburgh  in  carrying  out  their  meritorious  re- 
searches, as  signed  by  yourself. — An  early  reply  will  oblige^  youn 
sincerely, 

RODEBICK  I.  MUBCHISON. 

To  ProfetMT  Cbbistisoh, 
PieeideDt,  R.S.  Edio. 
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Sir  Robert  Cliristison,  Bart.,  the  PreBident,  read  the 
foUowiag  Opening  Addiess : — 

At  the  commencemeDt  of  this,  the  89th  aeesion  of  the  Boyal 
Society  of  Ediobtugh,  I  beg  to  congratulate  yon  on  the  Bncceeaful 
isBue  of  that  which  has  jnat  come  to  an  end.  The  number  of  our 
members  faas  increased,  in  conseqnence  both  of  a  low  proportion 
of  deaths  among  ns,  and  likewise  of  an  increase  of  new  members 
beyond  the  average;  so  that,  from  326  at  the  same  period  laat 
year,  tbe  Society  has  grown  to  331  at  the  present  time. 

We  may  appeal  with  eqnal,  and  even  more,  satisfaction  to  the 
BQCcesB  of  our  late  meetings ;  which,  in  the  first  place,  were  carried 
on  a  fnll  mouth  longer  than  usual  before  exhausting  the  list  of 
communications  approved  by  your  Caancil  bh  worthy  of  being  read 
before  yon ;  and  which,  in  the  second  place,  attracted  from  first  to 
last  unusual  attendance  and  interest,  on  the  part  both  of  ourselves 
and  of  our  visitors,  by  reason  of  tbe  variety  and  value  of  the  in- 
quiries communicated  at  them. 

Noi,  amidst  these  grounds  of  direct  gratification  on  account  of 
the  proceedings  of  last  year  in  the  Boyal  Society  itself,  will  it 
appear  out  of  place  that  I  further  congratulate  you  on  the  great 
success  which  attended  the  late  meeting  in  Edinburgh  of  The 
British  Association  for  the  Advancement  of  Science.  Whether  we 
consider  who  was  the  founder  of  this  most  prosperous  institution — 
or  that  the  Boyal  Society  of  Edintm^h  and  tbe  Association  were 
established  very  much  for  the  same  objects — or  that  our  Fellows 
have  taken  an  active  part  in  its  proceedings,  wheresoever  it  may 
have  held  its  meetings— or  that  our  endeavours  contributed  greatly 
to  bring  it  on  the  recent  occasion  to  our  city — or  that  many  of  us 
did  much,  or  at  least  as  much  as  we  conld,  to  receive  our  eminent 
gneets  with  tbe  cordiality  due  to  their  distinction  in  science — we 
are  equally  entitled  to  rejoice  that,  in  respect  of  the  number  of 
remarkable  men  who  were  attracted  hither,  the  excellenoe  of  the 
matter  produced  before  the  several  sections,  the  interest  of  the 
excursions  which  the  unrivalled  opportunities  in  our  neighbour- 
hood enabled  us  to  offei,  tbe  oft-expressed  obligations  of  onr  guests 
for  the  reception  they  met  from  us  and  our  fellow- citizens,  and,  I 
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ma;  add,  the  eight  days  of  glorious  weather,  upon  nhich  in  Seot- 
laad  mnoh  of  the  comfort  of  bo  great  an  assemblagd  dependfi — 
thJB  for^-Grat  meeting  of  the  British  AsHociation  proved  Id  truth 
to  he  a  great  sacooBs, 

Although  the  deaths  in  the  Society  have  Dot  been  nnmerons 
dnriug  last  year,  we  have  neTerthelesa  to  lament  the  loss  of 
Beveral  of  the  most  distiDgaiehed  among  onr  Fellows,  both  ordi- 
nary and  honorary.  From  the  list  of  ordinary  Fellows  we  have  to 
strike  out  the  names,  in  alphabetical  order,  of  Dr  William  Anderson, 
Ilr  Charles  Babbage,  Ur  Robert  Chambers,  Dr  fiohert  Dann,  Hr 
Alexander  Eeith  Johnston,  Br  Sheridan  Kuspratt,  Mr  Bobert 
Bnssell,  Sir  William  Scott,  Dr  Fraser  Thomson,  and  Mr  Moses 
Steven.  Our  honorary  list  no  longer  bears  the  names  of  Sir 
John  Heraohell,  Sir  William  Haidinger,  and  Sir  Boderick  Impey 
Mnrr.hison. 

Mr  Bobert  BusBSLt,  an  eminent  practical  and  BoientiGc  agri- 
cnltnriBt  in  the  connty  of  Fife,  was  led  to  connect  himBOlf  with  the 
Society  by  his  taste  for  meteorological  pursuits. 

%\t  W1L1.UM  SooTT,  Baronet,  of  Ancnim,  an  enterprising  country 
gentleman,  a  soldier  in  his  youth,  and  afterwards  for  some  time 
member  of  Parliament  for  his  county,  was  well  known  for  his 
attachment  to  scientific  society,  and  for  the  regularity  of  his  attend- 
ance at  our  meetings  at  a  period  when  his  avocations  allowed  him 
to  reside  oocaaionally  in  Edinburgh. 

Dr  KoBBBT  Daur,  Depoty  InspectKir-General  of  Army  Hospitals, 
also  a  frequent  attender  af  one  time  of  the  meetings  of  the  Society, 
died  in  June  lost  at  a  very  great  age  [86].  He  served  his  country 
with  distinction  in  the  medical  service  of  the  army  tfaroughout 
nearly  the  whole  of  the  most  momentous  period,  and  the  most 
critical  trials,  in  the  military  history  of  onr  country.  He  was 
highly  esteemed  publicly  for  his  knowledge  in  all  departmeDts  of 
his  profession,  and  his  powers  of  organisation  in  his  own  branch 
of  service ;  and  he  was  no  less  prized  by  his  friends  for  his  acquaint- 
ance with  various  branches  of  science  and  literature. 
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Dr  Frasbb  Thouson,  son  of  the  Bev.  Sr  William  TliomsoD  of 
Perth,  and  nephew  of  the  late  eminent  clergyman  of  Edinburgh, 
Dr  Andrew  Thomaoo,  the  first  ministeT  of  St  deorge'e  parish, 
graduated  at  the  University  of  Edinburgh,  where  he  bad  been  a 
dietingnished  student  of  medicine.  He  settled  u  a  medical  prac- 
titioner in  his  native  city,  and  for  most  of  his  life  was  much 
engrossed  by  the  cares  of  an  extensive  practice  in  town  and 
country.  But,  like  many  of  his  profeSBion  in  our  county  towns, 
be  made  natural  history  hie  recreation  for  his  ebort  leisure  boars, 
and  applied  himself  eagerly  to  microscopical  research  in  that 
department  of  science.  In  this  he  acquired  great  expertneas  and 
accuracy,  and  would  easily  have  become  an  original  inquirer,  were 
it  not  that  bis  fondness  for  such  pursuits  bad  not  fame  for  its 
object,  but  simply  relief  from  the  cares  and  fatigues  of  profeBsional 
life.  He  died,  after  a  short  illness,  in  the  month  of  October,  in  his 
66th  year. 

Jaus  SHKRiDAti  Mdhp&att,  a  native  of  Dublin,  was  trained  in 
the  science  to  which  be  dedicated  bis  life,  under  two  of  the  greatest 
chemists  of  their  day  in  Europe — Graham  andLiebig.  At  the  age 
of  twenty-tbree  be  published  the  results  of  investigations  carried 
on  as  a  student  in  Liebig's  laboratory  on  the  sulphites,  showing 
their  analt^  with  the  carbonates.  Returning  to  Giessen  three 
years  later,  he  resumed  his  inquiries  into  the  sulphur  acids,  the 
fruit  of  which  was  an  interesting  paper  on  the  Hyposulphites,  and 
also  on  Snlpbo-cyanic  Ether.  In  the  interval  be  did  good  service 
to  practical  chemistry  in  this  country  by  making  genertdly  known 
in  a  translation  Flattner's  standard  work  on  the  Blowpipe;  and  in 
1854  he  published  a  "  Dictionary  of  Chemistry,"  which  has  been 
of  great  use  in  diffusing  a  knowledge  of  chemistry  among  those 
engaged  in  tbe  practical  working  of  chemical  problems.  Mr 
Muspratt  died  in  tbe  47tb  year  of  bis  age. 

Mr  BoBiBT  Chahbkbs,  long  one  of  tbe  most  attached  and  work- 
ing Fellows  of  tbe  Boyal  Society,  is  one  of  tbe  many  instances, 
observed  at  all  times  in  Scotland,  of  men  raising  themselves  in  a 
abort  time,  by  the  sheer  unaided  gifts  of  native  talent  and  indomi' 
table  perseverance,  from  an  obscure  position  in  society  to  a  promi- 
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DBQt  place  in  public  eetimatioD.  Bora,  ae  we  are  told  by  one  of 
his  biographera,  who  evidently  knew  him  and  his  history  well,  of 
parents  respectable,  but  not  foitnnate  iu  life,  he  had  to  struggle 
in  his  early  years  with  difGcuIties.  Nerertheless  he  was  not  pie- 
rented  from  reaping  the  inestimable  advantages  which  in  Edin- 
burgh a  parent  of  even  moderate  means  could  always  command, 
for  a  SOD  of  promising  parts,  from  an  education  at  the  High 
School. 

Like  other  prolific  writers,  Hr  Chambers  began  the  career  of 
authorship  at  a  very  early  age.  He  must  have  been  not  above 
eighteen,  when,  having  not  long  before  chosen  for  his  occupation 
in  life  that  of  bookseller,  he  determined  to  be  publisher  and  author 
too,  projecting  and  conducting  a  periodical  called  the  *'  Kaleido- 
scope," to  which  he  himself  also  contributed  articles  from  his  own 
pen.  Soon  afterwards  he  published  "  Illustrations  of  the  Author  of 
Waverley; "  and  in  1823,  when  only  twenty  years  old,  he  added 
the  work  by  which  he  has  been  longest  and  most  familiarly  known 
aa  a  writer,  bis  "  Traditions  of  Edinburgh."  Work  upon  work 
then  followed  in  quick  succession  on  all  sorts  of  literary  subjects, 
but  chiefly  historical  and  antiquarian — works  which  it  would  be 
out  of  place  even  to  enumerate  iu  so  short  a  sketch  as  that  to  which 
this  brief  notice  must  be  confined. 

At  last,  in  conjunction  with  his  elder  brother,  Hr  William 
Chambers,  was  begun  in  1832  the  now  famous  "  Chambers'  Edin- 
burgh Journal," — the  first  idea,  and  as  such  a  great  invention,  of 
a  weekly  periodical  devoted  to  short  productions,  original,  as  well 
ae  critical,  on  nearly  all  literary  and  also  some  scientific  enhjeots, 
suited  for  the  information,  as  well  as  for  the  purse,  not  alone  of 
the  edacated  classes  ordinarily  so  called,  but  likewise  for  the  edu- 
cated in  the  humbler  walks  of  life.  This  undertaking  met  soon 
with  extraordinary  success — in  so  much,  indeed,  that  it  became 
the  parent  of  many  others  identical  or  similar  in  their  aims,  and 
not  a  few  of  them  not  less  prosperous  than  that  of  the  two  brothers 
Chambers. 

While  adhering  steadily  to  bis  literary  tastes,  and  giving  forth 
in  various  works  the  results  of  his  literary  labours,  Hr  B.  Chambers' 
attention  was  turned  to  a  totally  different  object  of  study,  which 
in  all  probability  he  first  followed  as  a  diversion,  oi  distraction 
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from  the  severity  of  professioiial  toil.  This  was  geology,  which  in 
the  eod  captiTRted  him,  aod  first  mEtde  him  an  active,  eoergetio 
member  of  thia  Society.  Cnltivating  hia  new  puranit  with  his 
infaereut  fervoiir  unabated,  he  soon  became  an  original  inqniier  in 
thia  faecinating  branch  of  natural  acience.  Beaidea  making  him- 
self acquainted  with  the  rock  atmcture  of  many  part»  of  his  own 
country,  he  visited  aa  a  geologist  Switzerland,  Norway,  Sweden, 
Iceland,  the  Faroe  Islands,  and  parts  of  Canada  and  the  United 
States.  Few  geological  amateurs,  engaged  in  a  profession  usually 
BO  engrosBing  as  that  of  Robert  Ghambere,  have  acquired  such 
intimate  knowledge  of  geology.  Many  of  us  oau  recall  the  interest 
of  his  discussion  of  geological  questions  at  our  ordinary  meetings ; 
and  his  "  Ancient  Sea  Margins  "  will  long  be  known  as  one  of  the 
earliest,  most  exact,  and  most  lirely  descriptionB  of  that  partionlar 
branch  of  his  favourite  study. 

Mr  Chambers  was  distinguished,  alike  in  hie  public  appearancea, 
aa  in  social  intercourse,  by  a  great  fund  of  information  on  moat 
diversified  topics  of  interest  in'  literature  and  science,  by  hia 
caution  and  politeness  in  criticism,  and  by  his  couiteona  kindliness 
in  every  relation  of  life.  In  the  last  respect  he  will  be  long  missed 
by  a  nnmerons  circle  of  attached  friends,  many  of  whom  were  his 
fellow-members  of  the  Boyal  Society  of  Edinburgh.  In  March 
1871,  after  a  tedious  and  enfeebling  illnesa,  borne  with  singular 
patience,  he  died  in  the  69th  year  of  his  age. 

I  turn  next  to  another  no  less  serious  loss  sustained  during  the 
past  yeax  by  science  and  this  Society  in  the  death  of  Mi  Alxzanuu 
ExiTH  Johnston.  Mi  Eeith  Johnston  at  first  intended  to  join  the 
medical  profession ;  but,  at  an  eaily  age,  he  betook  himself  to  the 
art  of  engraving,  which  again  led  him  to  the  study  of  geogiaphy ; 
and  from  that  time  geography  became  his  luliag  pursuit,  and  the 
object  of  his  professional  life. 

In  1830,  having  had  occasion,  during  a  pedestrian  trip  in  the 
Highlands,  to  remark  the  inaccuracy  of  the  maps  of  Scotland,  he 
published  an  improved  eollection  in  a  Guide  Book.  At  the  same 
time,  to  facilitate  the  development  of  his  geographical  enterprises, 
he  joined  the  firm  of  his  two  brothers,  Sir  William  and  Thomas 
Johnston,  which  had  been  established  in  this  city  some  years 
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before  for  carrying  on  the  buBinesa  of  en^^aTing  Mid  prtDtiog,  in 
which  they  have  been  long  famous  among  the  skilful  engravers  of 
Edinburgh.  In  his  tbirty-uintb  year  he  attracted  the  regard  of 
scientific  gaographera  at  large  by  the  publication  of  hia  "  National 
Atlas,"  and  etill  more,  five  years  later,  by  hU  "Atlas  of  Physical 
Geography,"  For  the  task  he  had  thus  set  himself  he  had  been 
thoroughly  prepared  by  assidnona  study  of  the  best  works  in  the 
Tftrions  longu^es  of  Europe,  by  frequent  visito  to  many  European 
countries,  and  by  acquaintance  and  personal  intercouise  with  the 
greatest  continental  geographers  and  travellers.  Not  long  after- 
wards Mr  Keith  Johnston  brought  out  in  snocession  a  "  Dictionary 
of  Geography,"  a  "  U ilitary  Atlas "  for  Alison's  "  History  of 
Europe,"  the  "Boyal  Atlas  of  Uodem  Geography,"  and  subse- 
quently a  variety  of  cheap  atlases  for  the  use  of  schools.  By  these 
productions  he  raised  himself  to  a  position  in  which  ha  had  no 
superior  rival  as  a  geographer  in  this  country ;  and  his  merit  in 
this  respect  received  the  stamp  of  the  Boyal  Geographical  Society 
of  London  in  the  last  year  of  his  life  by  the  award  of  the  Greo- 
graphical  Victoria  Medal. 

Bnt  Ur  Johnston  took  also  great  interest  in  almost  every  branch 
of  physical  research,  with  many  of  which  he  bad  no  mean  acquaint- 
ance, and  whose  cultivation  in  this  city  be  seized  every  opportunity 
to  encourage  and  promote.  Among  other  obligations  to  him,  we 
are  greatly  indebted  for  the  foundation  of  "  The  Meteorological 
Society"  of  Scotland, — an  institution  which,  under  the  able  direc- 
tion of  its  present  Secretary,  promisee  important  results,  certain, 
indeed,  to  he  realised  if  the  Society  receive  due  public  support  in 
the  line  of  inquiry  in  which  it  has  already  been  for  some  years 
successfully  engaged.  It  is  also  known  to  me  that  the  oi^  and 
University  are  mainly  indebted  to  him  for  the  early  foundation  of 
the  Chair  of  Geology,  through  the  munificence  of  bis  friend  the 
late  Sir  Boderiok  Marchison,  At  the  direct  instance  of  Mr  John- 
ston, and  through  the  weight  which  his  genuine  love  of  science 
commanded  with  many  men  of  influence,  Sir  Boderick  was  induced 
to  alter  bis  intentions,  from  a  "poet-obit"  fonndatioD,  to  an  im- 
mediate gift,  of  the  Chair,  in  conjunction  with  a  Boyal  foundation 
and  additional  endowment. 

In  such  proceedings  as  these  Mr  Johnstoa  did  good  with  no 
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alterioT  view,  and  from  no  love  of  being  what  our  neighbonTB  across 
the  channel  aptly  call  a  "grand  faieeur."  Hence  we  scarcel;  know 
bow  much  we  owe  to  him.  His  extensive  acquaintance  with  the 
upper  ranks  of  what  it  has  become  the  custom  to  call  the  "  citizen 
class  "  in  Edinburgh,  enabled  him  often  quietly  to  direct  public 
opinion  in  the  nice  exercise  of  scientific,  literary,  and  professional 
patronage,  when  sound  direction  was  greatly  needed;  and  his 
acknowledged  prudence,  probity,  impartiality,  and  knowledge  of 
men,  never  failed  to  guide  himself  soundly  in  soob  conjunctures. 

Throughout  hia  whole  life  he  was  faithful  and  fruitful  in  bis 
calling,  and  no  less  a  sincere  and  active  Christian.  Seldom  has 
there  been  a  more  affable,  agreeable,  and  profitable  companion  in 
social  life  in  all  its  phases. 

Although  far  from  being  a  young  man  at  his  death, — for  he 
died  in  his  67th  year, — we  have  to  lament  that  he  was  struck 
down  while  in  full  possession  of  his  powerful  intellect,  and  enjoy- 
ing shortly  before  a  vigonr  which  promised  long  continuance  of 
his  usefhl  labours. 

WiLBBLH  BiTTiB  voK  HuDiNflEB,  oDc  of  our  HoDoiary  Fellows, 
was  a  favourite  pupil  of  Uohs ;  who,  during  great  part  of  the  first 
half  of  this  centnry,  was  celebrated  as  one  of  the  forem<»t  mineralo- 
gists of  bis  day  in  Europe,  and  as  the  able  Professor  of  Mineralogy 
in  the  University  of  Vienna.  While  yet  a  young  man,  William 
Haidinger  posBessed  an  extraordinary  extent  and  accuracy  of 
knowledge  of  minerals.  On  account  of  bia  talents  as  a  descriptive 
mineralogist,  be  came  to  Edinburgh,  about  the  year  1624,  to 
arrange  and  catalogue  the  splendid  mineralogical  collection  of  a 
former  curator  of  our  Society,  Ur  Thomas  Allan,  banker  in  this 
city, — a  collection  unrivalled,  for  extent  and  careful  costly  selec- 
tion, among  the  private  mineralogical  museums  of  Europe.  In 
discharging  this  duty  Mr  Haidinger  was  enabled  to  establish 
several  species  as  new  to  science ;  which  he  investigated  and  com- 
municated to  our  meetings  in  conjunction  with  the  late  Edward 
Turner,  the  chemist,  at  the  time  lecturer  here,  and  soon  after- 
wards first  Professor  of  Chemistry  in  University  College,  London. 
Haidinger  took  the  descriptive,  Turner  the  analytical,  part  of 
these  inquiries ;  and,  in  both  reepects,  their  papers  are  models  of 
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mintfalogical  uivestigKtion.  I  was  at  thit  tEine  iDtunatel;  m- 
quuDted  with  UaidtDgei,  and  could  well  appreciate  hia  miuenlo- 
gioal  facility  and  acHteaeM,  his  varied  kaowledge  of  oatoral  histtw; 
and  pliysical  eoience,  and  his  remaTkable  command  of  language§, — 
BO  that,  for  example,  in  our  own  tongae,  bo  oonld  tell  a  joonlai 
Btorj,  make  a  pnn,  aad  extemporise  a  olaver  couplet, — ^which  I 
take  to  be  about  tbe  eeveiest  of  all  tests  of  a  man's  familiarity  with 
a  foreign  language. 

No  one  who  knew  him  at  that  time  could  faU  to  see  that 
Haidicger  would  one  day  become  a  man  of  mark  among  the 
mineralogists  of  his  own  land,  to  which  he  returned  booh  after 
completing  his  labours  in  Mr  Allan's  museum.  He  then  travelled 
for  some  time  with  Mr  Allan's  eon,  Robert,  who  died  a  few  years 
ago  a  Fellow  of  this  Society;  and  tho  main  abject  of  the  travellers 
was  the  pursuit  of  mineralogy.  Ere  long  Mobs  died,  and  Haidinger 
succeeded  him  in  his  Univareity  Chair.  Hia  office  put  him  natu- 
rally at  the  head  of  all  relative  Groremment  undertakings,  which 
in  their  turn  brought  him  promotion,  till  at  length  he  filled  the 
highest  office  in  his  profession,  that  of  Director  of  the  Minenlo- 
gical  and  Geological  Survey  of  Austria.  For  his  many  Bcientifio 
and  practical  services  to  bis  country  he  recaivedfrom  his  sovereign 
tha  honour  of  knighthood  a  few  yean  before  hie  death,  which  took 
place  last  April  in,  as  I  understand,  the  Tlst  year  of  his  aga. 

Coming  nearer  home,  I  have  next  to  deal  with  the  scientific  life 
of  anoth^  loet  Honorary  Fellow  of  the  highest  rank  in  Physical 
Philompby,  Sii  Bobiuok  Iimr  Mubohisok,  Baronet.  But 
though  very  willing,  and  not  altogether  unable,  to  do  juatice  to 
his  remukable  labours  in  his  science,  I  felt  that  I  should  be  acting 
with  injustice  tcf  his  memory,  and  to  the  claims  of  a  far  superioi 
biographer  and  enlogist,  if  X  did  not  transfer  from  myself  to  Pro- 
fessor Oeikie  the  pleasing  task  of  recalling  to  our  recollection  the 
main  points  in  the  life  aud  the  woik  of  his  patron  and  friend. 
The  following  summary  is  accordingly  the  tribute  which  Professor 
Geikie  has  kindly  enabled  the  Society  to  pay  to  the  fame  of  Sir 
Boderick  Mnichison ; — 

"  Among  OUT  recent  losses  there  is  none  which  we  hare  more 
reason  to  deploro  than  his.     The  name  of  Sir  Boderiok  Murohison 
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has  been  a  honsehold  word  in  geology  for  neari;  half  a  cfliitiny, 
not  in  Britain  only,  but  also  over  all  the  world.  Wbiie  we  afaare 
in  the  wide  regret  at  the  injury  which  the  general  oause  of  science 
enetained  by  bis  removal,  we  add  also  the  sadneis  whioh  arieeB  from 
the  recollection  of  the  relation  which  be  bore  to  the  progrees  of 
geology  in  Scotland,  and  from  what  he  has  recently  done  for  the 
advancement  of  its  stndy  in  the  TTniTersity  of  this  city. 

"  Bom  in  1792  at  Tavadale,  in  BoBs-ehire,  he  was  educated  for 
the  military  piofesBion,  and  served  during  part  of  the  Peninsular 
War.  Bat  on  the  arrival  of  peace  in  1615,  finding  that  the  army 
DO  longer  opened  np  the  same  prospect  of  activity  for  which  he 
longed,  he  gave  ap  his  commission,  married,  and  settled  in 
England.  The  sncceeding  part  of  his  life,  prior  to  1624,  he  used 
to  speak  of  as  hia  "Fox-hnnting  period,"  when  he  threw  himself 
with  all  the  ardonr  of  bis  nature  into  the  field  sports  of  a  oonntry 
reaidence.  Fart  of  that  period,  however,  he  spent  abroad,  making, 
with  his  wife,  tonrs  in  search  of  picture  galleries  and  old  art,  and 
keeping  an  elaborate  diary,  with  criticiamB  on  the  character  of  tlia 
fine  arta  in  each  toar  or  collection  visited.  It  waa  by  a  kind  of 
happy  accident  that  bis  energies  were  at  last  directed  into  the 
channel  of  science,— the  merit  of  which  change  was  due  partly  to 
hie  wife's  taste  for  natural  history,  and  partly  to  the  friendly 
counsel  of  Sir  Humphrey  Davy.  He  joined  the  Geological  Society 
of  Loudon,  and  soon  became  one  of  its  most  euthnaiastic  members. 
From  that  time  forward  his  love  for  geology,  and  his  activity  in 
it«  pursuit,  never  waned.  He  travelled  over  every  part  of  Britain, 
and  year  after  year  be  resorted  to  the  Continent,  traversing  it  in 
detail  from  the  Alps  to  Scandinavia,  and  from  the  coasts  of  France 
to  the  far  bounds  of  the  Ural  Monntains.  As  the  result  of  these 
jonmeys,  there  came  from  bis  pen  more  than  a  hundred  memoirs, 
besides  two  separate  and  classical  works  on  '  The  Silurian  System,' 
and  on '  Bnseia.' 

"Sir  Boderick  was  essentially  a  geologist,  and  be  ch<we  one 
qiecial  blanch  as  his  own  domain.  Perhaps  no  man  ever  had  the 
same  power, — which  seemed  sometimes  almost  an  intuition,— of 
■eizing  the  dominant  featnres  of  the  geographical  and  pnlasontolo- 
gical  details  of  a  district.  With  a  keen  eye  to  detect  the  characters 
as  ^ey  rose  before  liim,  and  a  faculty  of  rapidly  appreciating  tbeir 
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sigDificBDce,  he  coald,  as  it  were,  read  off  the  geology  of  a  conDtry 
after  a  few  traverBos  only,  when  most  men  would  have  been 
pnzzling  over  theii  first  section.  This  was  the  eecret  of  his  broad 
generalisations  regarding  the  geological  atmctare  of  a  targe  part  of 
Europe, — generalisations  which,  though  of  course  requiring  to  be 
corrected  and  modified  by  Bubeeqnent  more  detailed  investigations, 
etill  remain  true  in  the  main,  and  still  astound  by  their  marvellous 
grasp  and  suggestiTeness.  The  leading  idea  of  his  ecJentific  life 
was  to  establish  the  order  of  succession  among  rocks,  and  through 
that  order  to  show  the  saccesaive  stages  in  the  history  of  life  on 
our  globe.  With  the  more  speculative  parts  of  geology  he  meddled 
little ;  nor  did  he  ever  travel  outside  the  bounds  of  hie  own  science. 
He  early  recogniaed  the  limits  within  which  his  powers  could  find 
the  fullest  and  most  free  development,  and  be  was  seldom  found 
ojaking  even  a  short  excursion  beyond  them. 

"  The  special  part  of  hts  work  on  which  bis  chief  title  to  fame 
rests  is  nndoubtedly  his  establishment  of  'The  Silurian  System.' 
Before  his  time,  the  early  chapters  of  the  history  of  life  on  onr 
globe  had  been  but  dimly  deciphered.  William  Smith  had  thrown 
a  new  flood  of  light  upou  that  history  by  showing  the  order  of  suc- 
cession among  the  secondary  rocks  of  England,  and  had  done  more 
than  any  other  man  to  dispel  the  prejudices  with  which  the 
doctrines  of  Werner  seemed  naturally  to  fill  the  mind.  But  the 
rocks  older  than  secondary,  to  which  Werner  had  given  the  name  of 
'  Transition,'  remained  still  in  deep  Wemerian  darkness.  Sir 
Uoderick  Unrchison  saw  that  it  might  be  possible  to  bring  order 
and  light  out  of  these  rocks,  even  as  had  been  done  with  those  of 
more  recent  origin;  and  that  a  double  interest  would  attach  to 
them  if,  as  he  supposed,  they  should  reveal  to  us  the  first  begin- 
nings of  life  upon  our  globe.  Choosing  a  part  of  the  broken  land 
of  England  where  the  rocks  are  well  exposed,  he  set  himself  to 
unravel  their  order  of  succession.  Patiently  year  after  year  he 
laboured  at  hie  self-appointed  task,  communicating  his  results 
sometimes  in  writing  to  his  friends,  sometimes  in  the  form  of  a 
short  paper  to  the  Gleological  Society  of  London,  until  at  last,  in 
1838,  he  gathered  np  the  whole  into  bis  great  work,  *  The  Silurian 
System.'  In  that  book  the  early  chapters  of  the  history  of  life  on 
the  earth  were  first  unfolded,  and  a  system  of  clussificatioD  was 
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cboBOD  with  Baob  skill  that  it  has  been  found  applicable,  with 
minoi  modifications,  even  in  the  most  distant  quartera  of  tbe  globe. 

"Bonnd  this  early  work  all  his  after-labours  seemed  to  range 
themselTea  by  a  natural  sequence.  His  choice  had  led  him  into 
tbe  most  ancient  foesUiferons  rocks,  and  to  that  first  love  he  re- 
mained true.  Whether  in  the  glades  of  Shropshire,  or  the  glens 
of  his  ovn  Highlands,  among  the  fjelds  and  fjords  of  Norway,  or 
in  tbe  wilds  of  the  Urals,  it  wss  with  the  Paleozoic  formations 
that  he  mainly  busted  himself.  They  were  to  him  a  kind  of  patri- 
mony which  had  claims  on  his  constant  supervision.  With  his 
friend  Sedgwick  he  unravelled  tbe  structure  of  tbe  middle  Pale- 
ozoic rocks  of  Devonshire,  and  with  Eeyserling  and  De  Temeuil 
he  showed  the  true  relations  of  the  nppei  Paleozoic  rocks  of 
BusBia.  The  Silurian,  Devonian,  and  Permian  systems,  represent- 
ing each  a  vast  cycle  in  the  history  of  our  earth  as  a  habitable 
globe,  received  in  this  way  from  him  their  first  clear  elucidation, 
and  the  very  names  by  which  they  are  now  universally  known. 

"Bnt  if  we  seek  to  measore  the  influence  which  Sir  Roderick 
Mnrchison  exercised  on  the  progress  of  the  science  of  the  time 
merely  by  the  original  work  which  he  himself  accomplished,  we 
shoold  fail  duly  to  appreciate  the  measure  and  the  power  of  that 
inflnence,  and  the  extent  of  the  loss  which  his  death  has  cansed. 
Fortunate  in  the  possession  of  wealth  and  high  social  position,  he 
was  enabled  to  act  as  a  constant  friend  and  guardian  to  tbe  cause 
of  science.  He  moved  about  as  one  of  the  representative  scientific 
men  of  hia  day.  '  To  no  man  more  than  to  him  do  we  owe  the  public 
recognition  of  the  claims  of  scientific  culture  in  this  conntry.  For 
he  not  only  stood  out  as  the  acknowledged  chief  in  his  own  domain, 
but  had  also  the  faculty  of  gathering  round  him  men  of  all  sciences, 
among  whom  his  kindliness  of  nature,  his  courteous  dignity  of 
manners,  his  tact  and  knowledge  of  the  world,  and  bis  wide  range 
of  social  connections,  marked  him  out  as  spokesman  and  leader. 
Nowhere  were  these  features  of  his  character  and  inflnence  more 
ct>nBpicnouB  than  in  bis  conduct  of  the  affairs  of  the  Geographical 
Society,  of  which  he  was  for  many  years  the  very  life  and  soul, 
and  which  owes  in  large  measure  to  him  the  stimulus  it  has  given 
to  geographical  science. 

"  Here  in  his  own  native  conntiy,  and  more  especially  here  in 
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Edinburgh,  we  have  peonli&r  cause  to  monm  the  )oss  of  SDch  a 
mM.  Thongh  his  residence  from  boyhood  had  been  chiefly  in 
London,  he  never  to  the  last  Telinqnisbed  his  enthosiastio  regard 
for  the  land  of  his  birth.  He  nevei  lost  an  opportnuity  of  boasting 
tbat.be  was  a  Soot.  During  the  last  ten  years  of  bis  life  be  made 
frequent  and  protracted  tours  in  the  Highlands;  and,  in  unravel- 
ling their  complicat«d  geological  structure,  he  accomplished  one 
of  the  most  brilliant  generalisHtions  of  bis  long  and  illuBtrious 
scientific  career.  There  is  Eumetbing  tonohing  in  the  reflection 
thai,  after  baring  travelled  and  toiled  all  over  Europe,  gaining  the 
highest  position  and  rewards  which  a  scientific  man  can  attain,  be 
should  at  last,  ripe  in  years  and  in  honours,  have  come  hack  to  bis 
own  Highlands,  and  there  completed  his  life-work  by  bringing  into 
order  the  cbaos  of  the  primary  rooks,  and  laying  such  an  imprest 
OB  Scottish  geology  as  had  never  been  laid  before  by  any  single 
observer.  For  these  and  otbet  researches  he  received  from  this 
Society  the  first  Brisbane  Uedal—  au  honour  conferred  on  bim  at 
the  Aberdeen  meeting  of  the  British  Association,  and  of  which  be 
often  spoke  as  one  that  gave  him  the  deepest  giatificatioii.  He 
nsed  to  boast,  too,  of  being  an  honorary  Fellow  of  this  Society,  and 
to  quote  a  reinark  made  to  him  by  the  late  Bobert  £rown,  that  his 
election  into  the  list  of  our  honorary  Fellows  was  one  of  the  highest 
marks  of  distinction  be  could  receive.  His  kindly  interest  in  our 
prosperity  was  orten  expressed ;  and  we  have  a  token  of  it  in  the 
presentation  to  us  of  his  bust  by  Weekes,  which  this  evening  ia 
formally  delivered  to  the  Society. 

"  Of  the  closing  acts  of  his  life,  there  is  one  which  cannot  be 
mentioned  without  peculiar  pride — the  institution  of  a  Ohur  of 
Geology  and  Mineralogy  in  the  TToiversity  of  Edinbn^h.  He 
intended  to  found  this  Chair  by  bequest ;  but  on  the  retiremenl  of 
Dr  Allman  from  the  Chair  of  Natural  History,  be  determined  to 
do  in  his  lifetime  what  H'onld  otherwise  have  been  aooomplisbed 
not  till  after  his  death.  He  gave  to  the  University  a  sum  of 
£6000;  and  the  Crown  having  consented  to  add  an  annual  grant 
of  £200,  the  Chair  was  founded  in  the  spring  of  the  preeent  year. 
Sir  Boderick  has  not  lived  to  witness  the  first  beginoinga  of  the 
tuition  which  he  bad  started.  But  long  after  the  memory  of  his 
personal  character  shall  fade,  men  will  remember  the  work  which 
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he  did ;  tbey  will  reoogniae  the  impetoB  his  researcheB  have  ^ven 
to  geology  all  over  the  world;  and  let  ub  hope  also  the;  will  eee 
ia  the  Ghaii  he  haa  founded  the  Btarting-point  of  a  new  and  active 
school  of  Scottish  geology." 

I  have  left  to  the  Ia«i  in  this  biographical  sketch  of  our  lately 
deceased  Fellows  two  of  the  most  eminent  men  of  British  science 
in  their  day — Hebsohu.  and  Babba.i».  Foi  as  I  conld  not  pretend 
to  do  justice  to  the  lives  of  men  whose  poisitiU,  in  the  highest 
range  of  physical  scieaoe,  were  so  fai  removed  from  my  own,  I 
think  it  ri^t  to  keep  quite  apart  the  following  eulegium,  the 
preparation  of  which  my  univereity  colleague,  Professor  Tait,  has 
kindly  allowed  me  to  Impose  on  him,  and  which  I  will  give  in  his 
own  words : — 

"  Of  Sir  John  F.  TV.  Herschel  and  Charles  Babbage,  who  may 
be  fitly  mentioned  together,  it  is  not  necessary  that  much  should 
be  said,  as  their  contributions  to  scienoe  cannot  fail  to  be  aet  forth 
at  length  in  the  Proceedings  of  other  Societies,  with  whioh  they 
were  more  connected  than  with  onr  own.  Intimate  friends  during 
their  undergraduate  career  at  Cambridge,  they  joined  us  as  ordi- 
nary Fellows  shortly  after  taking  their  degrees,  and  when  tbey 
were  just  commencing,  along  with  the  late  Dean  Peacock,  what 
all  must  consider,  in  spite  of  their  other  grand  contribntions  to 
science,  the  greatest  work  of  theii  lives — the  restoration  of  mathe- 
matical science  in  Britain.  It  is  impoasible  even  now  to  over- 
estimate the  value  of  this  service.  Few  know  to  what  a  state  of 
ignorance  we  had  fallen  at  the  time  when  Lagrange,  Laplace, 
Fourier,  Cauchy,  Poisson,  and  Gauss,  and  many  others  abroad, 
were  advancing  with  breathless  rapidity  in  the  track,  neglected  hy 
as,  of  James  Bernoulli  and  Euler.  Partly  from  a  mistaken  notion 
that  they  were  honouring  Newton  by  adhering  to  his  published 
methods,  partly  owing  to  the  British  dislike  to  men  and  things 
foreign,  which  at  this  time  was  pushed,  perhaps  not  unnaturally, 
to  extreme  lengths  in  all  matters,  and  partly  in  consequence  of  our 
long  state  of  war  with  France,  oni  mathematicians  had  never  even 
learned  those  unpublished  methods  by  which  Newton  made  bis 
,  which,  as  soon  as  they  were  to  some  extent  divined 
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abroad,  were  at  once  estimated  at  their  true  vatae,  and  pnTraed 
with  zeal  and  genius.* 

"  Little  by  tittle,  first  by  translating  Lacroix's  elementary  treatise 
(in  the  differential  and  integral  calcnlns,  and  by  tbua  introducing, 
in  face  of  determined  opposition,  the  notation  of  differential  co- 
efficients into  Cambridge,  so  as  for  the  first  time  to  enable  her 
mathematicians  to  understand  a  foreign  treatise;  secondly,  by 
pablishing  an  excellent  collection  of  examples ;  and  thirdly,  by 
their  separate  original  treatises  on  different  special  parts  of  analysis, 
they  put  this  country  on  a  level  with  France  and  Germany,  so  far 
at  least  ae  opportunities  of  progress  are  ooncemed.  It  is  to  them 
mainly  thitt  we  owe,  not  merely  our  modem  British  school  of 
mathematicians,  which  is  now  certainly  second  to  none  in  the 
world,  bat  even  the  very  possibility  of  the  existence  in  this  country 
of  such  great  departed  mastere  ae  Boole  and  Hamilton. 

"Herschel's  'Treatise  on  Finite  Differences,'  which  appeared 
as  a  supplement  to  the  translation  of  Lacrois,  is  one  of  the  most 
charming  mathematiool  works  ever  written,  everywhere  showing 

*  PiofoBsor  Tait  hu  urged  me  to  make  known  a  remlniMwace  of  mj  jonth 
that  at  the  time  here  referred  to  there  were  in  Edinburgh,  and  in  this  Societj, 
no  fewer  than  tbme  matbematical  amntears,  who,  though  they  never  made 
themwIvM  publicly  felt  aa  vatih,  in  some  measure  saved  this  comer  of  the 
luid  from  the  cenaare  dealt  in  the  text.  Them  were  Sir  William  Miller, 
Baronet,  of  Qlenlee,  better  known  ae  Lord  Olenlee  of  the  Scottish  bench; 
William  Atebibald  Cadell,  of  the  family  of  Cadell  of  Grange,  vho  finished 
bis  earthly  career  but  a  few  years  ago ;  and  my  own  father,  Profeesor  of 
Latin  in  our  Univenity.  Lord  Oleulee,  a  man  of  very  retiring  babita 
and  disposition,  was  nanally  called  the  flnt  amatenr  mathematician  in 
Scotland.  Mr  Cadell,  also  a  man  of  great  reserve  uid  shyness,  neverthe- 
IsBs,  in  order  to  carry  out  hie  admiration  of  the  modem  continental  mathe- 
matics, contrived  to  obtain,  dnring  tbe  very  hottest  of  onr  stmggles  with 
France,  from  that  generally  unyielding  potentate,  the  Fint  Napoleon,  pa- 
raiasion,  through  the  influence  of  one  of  tbe  great  matbematiciana  of  Paris, 
to  repair  to  tbe  French  capital,  to  dwell  there  for  seven  years,  and  to  retnin 
ouhinderad  to  Scotland,  at  a  period  when  no  other  Briton  was  known  to  have 
put  his  foot  on  French  soil  without  being  made  a  defaui.  Hy  father,  during 
the  last  ten  years  of  bis  life,  which  ended  in  1820,  betook  himself,  as  bis  idea 
of  relaxation  tiom  rautiuB  profesaional  life,  to  tbe  diflrerential  calculus,  and 
to  Newton,  BerDoulli,  Eular,  Lagrange,  Laplace,  Lacroii,  tu>^  whose  works 
were  always  at  hand  when  not  in  bii  hands.  Aa  he  made  a  vigorous  attempt 
to  indoctrinate  me  at  a  very  early  age  in  his  favourite  pursnitB,  I  know  wall 
what  these  were,  and  what  he  knew  of  the  kindred  spirits  Qlenlee  and 
Cadell. 
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power  and  originality,  as  well  as  elegance.  In  all  theae  reBpMto  it 
far  BUTpBSBeB  hie  subsequent  mathetnatioal  writings,  ezoellent  aa  an 
many  of  them ;  for  instance  bis  celebrated  treatises  on  '  Light '  and 
on  '  Sonnd '  in  the  '  Eucyclopsdia  UetropolitaDB.'  The  appendix, 
to  Lactoix  which  was  written  by  Bahbage,  was  devoted  to  the 
'  oaloaloB  of  fnnctions,'  a  strangely  weird  branch  of  analysis,  which 
remains  even  now  much  as  Sabbage  left  it.  That  in  this  direction 
there  is  a  splendid  field  open  for  the  inquirer,  is  evident  to  any  one 
who  consults  Babbage's  papers  on  it;  and  it  is  wondeifnl  that  it 
has  not  been  greatly  developed  of  late  years,  when  so  many  natha- 
maticians,  especially  at  home,  have  been  fonnd  to  apply  them  selves 
almost  exclnsively  to  those  branches  of  the  science  which  seem  the 
least  likely  ever  to  have  nsefal  applications. 

"In  their  after-life  the  careers  of  these  great  workers  and 
thinkers  led  them  widely  apart.  Herschel  devoted  himself  mainly 
to  astronomy,  bnt  also  t^i  chemistry,  photography,  and  occasionally 
to  mathematics.  His  astronomical  work  is  all  of  the  very  highest 
class,  whether  it  consisted  in  hia  seclusion,  for  several  of  the 
best  years  of  bis  life,  at  the  Cape  of  Good  Hope  in  the  close  observa- 
tion of  the  stars  and  nebule  of  the  Southern  Hemisphere;  or  iq 
first  writing,  and  then,  as  edition  after  edition  was  called  for, 
extending  and  improving  his  splendid  scmi-popnUr  work,  the  '  Ont- 
linee  of  Astronomy,'  which  none,  even  of  men  of  science,  can  resd 
withont  deriving  from  it  at  once  pleasiue  and  profit. 

"  Babbage,  on  the  other  hand,  applied  himself  mainly  to  machini 
eryand  manufactures.  His  so-called  '  Ninth  Bridgewater  Treatise' 
was  pre-eminent  even  among  the  best  of  that  singular  series;  hia 
'  Economy  of  Machines  and  Manufactures '  is  still  a  wonder- 
fully  suggestive  work ;  and  his  '  Mechanical  Notation '  supplies 
ng  with  an  insight  into  the  kinematics  of  all  possible  combinations 
of  machineij,  which  none  can  havo  any  conception  of  without 
making  it  a  special  subject  of  study.  He  waa  led  to  ita  invention 
by  his  celebrated  attempts  to  achieve  the  construction  of  a  dififer' 
ence-engine,  and  even  of  an  analytical  engine — machines  totally 
unintelligible,  in  their  conception,  to  the  majority  even  of  those 
who  are  capable  of  nodeistanding  the  nature  of  the  work  for  which 
they  were  designed.  Enough  was  constructed,  though  it  was  n 
very  small  part,  of  the  (rrst  of  these  engines  to  show  not  only  tb»t 
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tbs  device  was  completely  aaccessful,  but  also  to  exhibit  the  ex- 
tntoidinary  talent  of  the  inventor  in  Buch  a  light  as  to  convince 
Bcientifio  men  that  in  his  bands  the  aatonnding  problem  of  oon- 
atnicting  the  second  was  capable  of  solution.  A  paltry  economy 
of  the  Treasniy  prevented  the  completion  of  the  first  engine,  and 
made  it  obvious  to  Babbage  that  there  was  no  hope  of  aasistance 
from  Government  to  construct  the  second.  Tet  it  bas  been  allowed 
by  the  belt  authorities  that  the  money  spent  on  the  finished  por- 
tion of  the  difference -engine  was  far  more  than  repaid  to  the 
country  by  the  extraordinary  improvement  in  tools  of  every  fcind, 
which  was  required  for  the  new  engine,  and  was  at  once  supplied 
by  the  fertile,  inventive  brain  of  Babbage  ae  the  work  proceeded. 

"No  one  can  read  the  obviouely  true  story  of  this  migerabiA 
Affair,  as  it  appears  in  the  strange  autobiography  of  Babbage — his 
'Passages  from  the  Life  of  a  Pbiloaophei '^withont  a  blush  for 
the  short-sightedness  of  British  rulers.  Had  Babbage  been  a 
Frenchman  or  Russian,  had  be  even  belonged  to  the  then  poor 
kingdom  of  Prussia,  do  we  not  all  feel  Bssured  that  these  grand 
conceptions  of  bis  would  long  ere  now  have  been  realised  as  power- 
ful agents  in  the  working  world,  instead  of  lying  dormant,  in  mould- 
ering, worm-eaten  plans  and  sections. 

"  Strange  the  contrast  between  the  careers  of  these  early  friends  I 
Tbey  began,  indeed,  by  a  grand  joint  suocess,  for  which  alone  their 
memory  will  always  be  justly  cherished.  Bnt  while  tfae  one, 
encouraged,  yet  never  unduly  elated,  by  success,  steadily  at  work, 
though  not  of  late  years  brilliantly,  ended  a  long  and  happy  life, 
tvery  day  of  which  had  added  its  shaie  to  his  scientific  eervtces; 
the  other,  enraged  by  the  petty  persecutions  of  men  unable  to 
landeTBtand  acientifio  merit,  oi  even  its  mere  pecuniary  vklne, 
■pending  lavishly  from  his  private  fortune  to  be  enabled  to  leave 
to  some  possibly  enlightened  posterity  a  cooplete  record  of  the 
working  details  for  the  construction  of  his  sj^eodid  inventions, 
was  never  understood  by  his  countrymen. 

"  But  so  it  bas  ever  been  in  this  country.  Herschel's  father  waa 
a  German  -,  so  of  course  we  could  appreciate  him.  Babble  was  an 
Englishman;  the  only  person  who  took  the  trouble  to  nQderstaud 
his  invention  was  a  foreigner,  the  skilful  mathematician  Uenabret, 
ex-minister  of  Victor  Emmanuel." 
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Ohiervatioru  on  the  Fruh  Wattn  of  SeotUmd. 

Looking  uonnd  ms  for  some  general  theme  saitable  for  the  sub- 
ject of  this  introduotory  address,  I  became  oppressed  with  th* 
pennasion,  that  do  sach  sabject,  worthy  of  yonr  aoceptaDCe,  had 
been  left  unezbanated  by  the  able  men  who  have  Utely  had  to  treat 
of  scientific  topics  of  a  general  nature  in  oircumBtanoes  akin  to  ny 
own  on  the  present  occsaion.  I  therefore  thonght  1  might  tmst  to 
your  indnlgencei'and  substitute  for  a  general  address  a  notice  of 
some  inqniries,  which  have  been  carried  on  from  time  to  time  dur* 
ing  my  late  occasional  autumn  holidays,  and  which  promise  resnltf 
of  some  interest,  illustrating  the  hydrography  of  the  fresh  waters 
of  Scotland.  These  inquiries  have  in  eeveral  respecti  heen  pushed 
not  BO  far  as  to  satisfy  me  completely.  But  as  I  may  not  be  able 
to  carry  them  through  according  to  my  present  design,  and  I  bope 
that  others  may  be  led  to  interest  themselves  in  also  pursuing  tbem, 
I  beg  to  submit  the  resulta  to  the  Society,  such  as  they  ore. 

The  topics  I  propose  now  to  bring  forward, — which  are  rather 
diTorse  in  nature,  yet  not  altogether  unconnected  with  one  another, 
— are  three  in  namber, — Fint,  The  composition  of  the  water  of 
certain  lakes  and  their  leading  streams  in  Scotland,  and  the  changes 
their  waters  undergo  in  the  itreams  which  the  lakes  feed ;  SeeotMy, 
The  temperature  of  these  lakes  at  rariouB  depths;  and,  Thirdty^ 
The  action  of  their  waters  upon  lead. 

I  shall  commence  by  recalling  shortly  the  geological  stmctare  of 
our  countiy,  by  which  in  a  great  measure  the  nature  of  its  waters 
if  regulated. 

In  the^primitiTe'^formations  which  oonstitnte  the  "  Scottish 
Hic^Iaods  "  of  ordinary  speech, — for  in  correct  language  many 
parts  of  the  so-called  "  Lowlands  "  are  as  well  entitled  to  the  other 
name,— we  find  that  the  mountain  summits  are  either  pointed  or 
rounded,  but  seldom  table-topped ;  that  their  spurs  are  commonly 
rather  sharply  ridged;  that  their  snrfaco  abounds  in  precipicei^ 
eragi,  loose  blocks,  rocks,  and  stones ;  and  that  the  raUeya  between 
(hem,  except  in  the  course  of  our  largest  rireis,  are  narrow,  gravelly, 
or  rocky,  thinly  covered  with  vegetative  soil,  and  consequently 
little  fit  for  plough  cultivation.  Not  infrequently,  however,  tho 
•pnra  or  bnttreasss,  instead  of  being  ridgy,  ai*  broad  and  flat, 
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■mootbly  covered  with  fine  heather,  the  favourite  breeding-place 
for  grouee,  and  tolenbly  dry,  except  vhere  email  patches  of  peaty 
bog  ehow  themselves  here  and  there.  This  structure  is  ofles  mil 
exemplified  among  the  mountains  of  Glen-Shee.  Again,  when  the 
epors  of  a  mountain  are  ridgy,  the  ridges  are  sometimes  separated 
from  one  another  by  an  upland  valley,  often  very  grassy,  especially 
towards  its  head  or  "  corrie,"  hut  likewise  apt  in  many  places  to  he 
boggy,  and  there  abounding  in  peat,  and  in  dennding  cuts  which 
expose  the  peat  to  atmospheric  influences.  Good  examples  of  such 
upland  vallejrs  are  Xo  he  seen  on  the  Cobbler,  and  on  its  higher 
northern  neighbour  Ben-Arnen,  where  they  face  Arrochar  eutward, 
and  also  on  Ben-Lomond  northward  from  its  peak.  Exposed  peat 
constitutes  on  the  whole  no  great  proportion  of  the  surface  of  most 
mountains  in  the  Highlands. 

It  follows  from  this  structure,  that  in  most  districts  of  the  High* 
lands  rain  and  melted  snow  find  little  to  dissolve  in  descending  the 
mountain  sides;  and  their  steepness  oauses  the  streams  to  tany  a 
very  short  time  in  their  descent)  and  to  drain  off  quickly  the  ezcess 
of  water  in  flood-time.  All  these  circumstances  combine  to  render 
the  streams  and  lakes  of  the  Highlands  uncommonly  pure  in  dry 
weather,  and  not  materially  less  bo  even  in  heavy  floods.  Among 
the  granite  ranges,  such  as  in  the  Ghtat-Fell  distriqg  of  Arran,  the 
streams,  such  as  the  Rosa  and  Sannox,  are  1/liich  '^"^'j  dear 
and  colourless  in  the  highest  floods.  The  temf  ^jj^i, water-falls 
which  then  streak  the  mountain  slopes,  presen.  «..  toe  eye  the 
purest  whiteness;  and  on  filling  a  glass  tumbler  from  a  stream,  lbs 
water,  after  the  instant  snbeidence  of  a  few  coarse  particles  of  granite 
sand,  is  seen  to  be  perfectly  transparent  and  free  from  colour.  In 
the  mioa-slate  districts  of  the  near  tirompians  the  streams  are 
equally  pure  in  dry  weather.  But  after  rains  they  are  visibly 
brownish,  yet  so  slightly  that  in  a  common  water-bottle  on  a  diuner- 
table  the  coloar  may  readily  escape  notice. 

During  lost  autumn  I  had  frequent  opportunities  of  examining, 
in  various  oircum stances,  the  water  of  one  of  these  mica-elata 
streamlets,  which  is  used  for  supplying  a  villa  near  Loch-Goil-bead. 
The  stream  descends  the  steep  eastern  slope  of  "  The  Cruoch,"  a 
bill  which  land-locks  the  upper  part  of  Loch  Goil  on  fts  west  shore 
at  a  point  about  a  mi^e  and  a  bitlf  fivm  tfaaHeod.    Althoagh  only 
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2000  feet  Tiigt,  "  The  Cinaob "  presenfB  an  impoBtiig,  rugged, 
conical  sky-Uue  to  one  entering  Loch  Goil  from  Loch  Long.  The 
east  face,  precipitouB  at  the  eummit,  is  entirely  graaay  lower  down, 
unless  where  broken  hy  other  precipicea,  out-cropping  rocks,  or 
Btifiam-conrBeB,  also  always  rocky.  There  is  little  peat  to  be  Been 
anywhere,  and  no  agriculture.  From  various  trials  around  Loch 
Goil  and  Loch  Lomond  I  am  satisfied  that  this  streamlet  is  a  fair 
type,  both  in  its  ordinary  state  and  in  its  occasional  variations,  of 
most  of  the  streams  which  tumble  into  these  sheets  of  water  from 
the  mica-slate  mountaiDS  around  them. 

-  When  I  examined  this  water  in  the  end  of  September,  after  ten 
days  of  perfectly  dry  weather,  following  a  heavy  twelve-bourB*  run 
two  days  earlier,  it  was  beautifally  cleat  and  sparkling.  In  the 
first  place,  it  was  entirely  free  from  colour.  The  absence  of  colonr 
was  tested  conveniently  and  delicately  by  means  of  a  glass  tube  16 
inches  long  and  six -tenths  of  an  inch  in  diameter,  which  is  nearly 
filled  with  the  water  to  be  examined,  uid  is  held  over,  but  not 
touching,  a  sheet  of  white  paper  in  a  bright  light.  For  secnrity,  a 
very  fine  cotonrless  spring  jrater  wae  always  kept  at  hand  for  com- 
parison in  another  tnbe.  The  slightest  coloration  is  thus  seen  by 
looking  perpendicularly  down  the  tube.  Or  it  may  be  equally  recog- 
nbed  by  looking  at  the  surface  of  the  water  obliqaely  through  the 
upper  part  of  the  tube  from  a  distance  of  18  inches  or  2  feet ;  for  the 
colour  is  thrown  up  by  the  paper,  and  concentrated,  as  it  were,  on 
the  surface  of  the  water,  though  the  long  subjacent  column,  as  seen 
through  the  glass,  appears  colourless.  Yeiy  few  waters,  except 
that  pf  springs,  withstand  altogether  this  test  of  the  presence  of 
colour.*  Mr  Dewar  has  suggested  that  it  admits  of  being  made  a 
water-chromometer,  by  employing  for  comparison, — distilled  water 
being  used  for  fixing  the  zero  point, — a  solution  of  some  invariable 
strength  of  a  permanent  per-oside  salt  of  iron,  such  as  the  acetate, 
and  diluting  the  solution  to  uniformity  of  depth  of  colonr  with  the 
water  to  be  compared.  The  amount  of  dilution  would  denote  the 
degree  of  coloration  relatively  to  a  fixed  standard. 
,    Id  the  second  place,  this  water  contained  a  very  small  propor* 

*  This  metbod,  deviKd  for  the  occsiion,  I  h&TS  since  found  to  be  a  mers 
Variety,  bnt  mora  convenient,  of  one  propoaed  aome  yean  ngo  bj  Ur  Jjetbeb^, 
Ud  sdopted  b7  ths  Utc  PnifeMDi  Miller. 
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tion  of  aaline  matter.  In  by  far  the  greater  nnmbeT  of  itreama  and 
lakes  in  Scotland,  whether  Highland  oi  Lowland,  the  aaltfl  met 
with  are  the  same,  viz.,  carbonates  and  Bulphatee  of  the  thre* 
bases,  lime,  magnesia,  and  soda,  and  the  chloride  of  their  metalloida, 
calcium,  magnesium,  and  sodium.  Of  these  the  chlorides  are 
usually  most  abundant,  the  sulphates  least  so;  and  of  the  basea, 
lime  is  commonly  predomioaut,  magnesia  the  oontrary.  But  fre- 
quently in  the  Highland  streams  the  proportion  of  all  is  so^moU 
that  most  of  the  ordinary  liquid  tests  scarcely  affect  them.  In 
the  water  now  under  consideration,  for  example,  magnesia,  among 
the  bases,  was  not  indicated  by  the  alkaline  phosphate  of  ammonia ; 
nor  was  sulpharic  acid,  among  the  acids,  by  nitrate  of  baryta; 
even  lime  was  doubtfully  indicated  by  oxalate  of  ammonia; 
chlorine,  too,  was  scarcely  indicated  by  nitrate  of  silver  in  a  small 
test-glass,  and  required  a  quantity  amounting  to  six  or  seven 
ounces  to  yield  an  undoobted  faint  mist;  and  permanganate  of 
potash  did  not  denote  organic  matter  except  faintly.  Acetate  of 
lead,  however,  by  acting  on  both  combined  carbonic  acid  and 
organic  matter,  showed  a  haze  even  in  a  small  quantity  of  the 
water;  and  so  did  tincture  of  potash-soap,  by  virtue  of  the  decom- 
posing influence  on  it  of  earthy  carbonates  and  free  carbonic  acid 
together. 

After  frequent  trials  I  am  inclined  to  think,  that  for  practical 
pnrpoees,  when  organic  matter  does  not  require  to  be  taken  into 
account,  we  seldom  need  any  other  test  for  ascertain  ing  the  relative 
pnrity  and  usefulness  of  these  waters  than  the  late  Professor  Clark's 
Boap-test.  In  the  present  instance  this  denoted  in  eeveral  triala 
only  1-04  degrees  of  hardness,  which  is  equivalent  to  that  mnch  of 
carbonate  of  lime  in  on  imperial  gallon  of  70,000  grains  of  water. 
From  frequent  observation  of  the  effects  of  this  and  other  liquid 
t«st8, 1  feel  assured  that  the  total  solid  contents  conld  not  baTS 
be^n  more  than  a  25,000th  of  ttie  water,  and  was  probably  nearer  a 
30,OOOth. 

In  the  third  place,  tbia  composition,  viz.,  little  saline  and  ex- 
tremely little  organic  matter,  would  lead  to  the  expectation  that  the 
water  will  conode  lead.  And  so  it  does,  but  not  powerfully.  A 
thin  plate  of  lead,  with  4}  square  inches  of  surface,  weighing  437 
rains,  was  suspended  by  a  lead  rod  in  this  water.    la  twenty-eight 
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days  it  lost  only  0-42  grain  in  weight,  and  cryetala  of  carbonate  of 
lead  were  deposited  scantily.  In  circum  stances  exactly  the  same, 
distilled  water  will  form  carbonate  of  lead  in  abundance,  and  the 
lotu  of  lead  ie  3'4  grains,  or  eight  times  as  much. 

In  times  of  fiood  the  condition  of  the  water  in  such  streamlets 
necessarily  undergoes  change.  Bnt  the  difference  is  not  so  great 
M  might  natarally  be  expected.  In  the  night  of  19th  September 
last  and  anbeeqaent  morning  rain  fell  steadily  at  Loch  Goil,  and 
heavily  for  twelve  hours;  and,  consequently,  in  the  forenoon  of 
the  20th  the  streamlet  described  above  was  cansiderably  flooded. 
The  water,  seen  in  bnlk,  was  somewhat  brownish ;  it  was  even 
faintly  brownish  in  a  diniog-room  water- bottle ;  and  in  a  16-inch 
glass  tnbe  it  appeared  yellowish.  Nevertheless,  it  looked  well 
enough  in  a  glass  tumbler,  and  it  was  not  in  the  slightest  degree 
turbid.  Its  purity,  apart  from  its  colour,  was  very  great.  No 
liquid  test  for  inorganic  salts  but  one, — not  oxalate  of  ammonia, 
not  nitrate  of  silver,  not  even  acetate  of  lead,  had  any  visible  effect. 
The  Boap-test  alone  exerted  any  manifest  action ;  and  this  indicated 
only  0'8  degrees  of  hardness,  which  is  equivalent  to  little  more 
than  an  60,000th  of  carbonate  of  lime  in  the  water.  In  corre- 
spondence with  this  condition,  lead  underwent  rapid  corrosion  in  it. 
A  plate,  an  inch  and  a  half  square,  lost  in  twenty-eight  days  3*09 
grains  in  weight,  or  about  ^]tlis  of  the  loss  in  distilled  water  in 
the  same  time ;  and  ciystalg  of  carbonate  of  lead  were  formed  in 
abundance. 

I  examined  the  same  stream  on  a  previous  occasion  after  a  furi- 
ous tempest  and  lain-flood  on  the  24th  August  last.  Much  rain 
had  fallen  at  Loch  Goil  previously  for  several  days.  But  on  the 
24th  it  fell  in  torrenls,  and  for  half-an-hour  that  forenoon  like  a 
tropical  deluge.  During  this  period  a  great  extent  of  grassy  turf 
was  torn  off  in  the  'upper  part  of  the  stream,  probably  by  a  water- 
apont.  In  a  few  minutes  the  streamlet,  already  in  high  flood, 
became  a  mnddy  tumultuous  torrent  in  which  no  man  could  have 
■tood  or  lived ;  swiftly  its  muddy  waters  spread  out  over  the  salt 
water  of  Loch  Goil ;  and  then  meeting  similar  floods  first  at  its 
own  side,  and  afterwards  from  the  opposite  shore,  the  united  muddy 
toirenta  covered  the  whole  upper  reach  of  the  loch  in  less  than 
half-«n-honi  to  the  extent  of  two  miles  in  length,  and  three-quarters 
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of  a  mile  in  aversge  breadth.  A  rain;  d&;  followed,  and  then  fou 
days  of  uninterrnpted  dry  weather,  during  vhich  the  etream 
returned  nearly  to  the  same  state  in  volume  and  appearance  aa 
after  the  moderate  flood  abeady  deBcribed.  There  vaa  thid  differ- 
ence, however,  even  in  its  composition ;  nitrate  of  eilvei  feebly 
indicated  chlorides,  and  acetate  of  lead  also  feebly  indicated  car- 
bonatee.  The  difference  was  probably  owing  to  a  material  differ- 
ence in  the  direction  and  force  of  the  wind.  On  the  former  occasion 
the  wind  blew  from  the  north-east,  with  no  great  violence,  over 
about  90  miles  of  land ;  but  on  the  latter  occasion  it  blew  with 
fuiy  from  west  to  south-west  over  Loch  Fyne  at  distances  varying 
from  18  to  15  miles  only.  In  the  latter  case  sea-spray  must  have 
been  swept  up  into  the  air  and  carried  far  by  the  storm.  In  the 
former  less  would  be  raised  into  the  atmosphere,  and  muob  would 
be  deposited  again  in  passing  over  90  mUes  of  land.  In  1615  I 
found  chlorides  distinctly  indicated  by  a  white  oloudineas,  when 
nitrate  of  silver  was  added  to  rain-water  collected  on  the  top  of 
Groat-Fell  in  Arran,  towards  the  close  of  a  violent  four  days'  sonth- 
westerly  gale,  attended  with  frequent  heavy  rain,  the  sea  in  ths 
direction  of  the  wind  being  12  miles  distant,  and  2800  feet 
below.  . 

The  facts  now  stated,  which  I  have  often  corroborated  by  leaa 
minute  observation  of  other  streams  in  the  mica-slate  district  of 
Loch  Long,  Loch  Goil,  and  Loch  Lomond,  will  convey  some  idea 
of  the  constitution  of  these  waters  in  three  conditions,  viz.,  after 
high  floods,  moderate  floods,  and  dry  weather.  To  complete  the 
series,  it  is  an  object  of  interest  to  add  their  condition  after  very 
prolonged  drought.  In  that  coee  the  streamlets,  except  those  fed 
by  small  upland  "  tarns,"  will  come  at  last  to  convey  only  the 
water  proceeding  from  springs;  and  many  not  so  supplied  will  dry 
op  fJtogether.  For  the  composition  of  those  which  continue  to 
mn  we  may  look  to  the  springs  themselves  which  feed  them,  because 
in  their  then  very  low  state,  running  chiefly  over  rocks  «Dd  etooee, 
their  waters  will  contract  little  additional  impregnation  in  theii 
course  downwards.  I  have  examined  several  springs  in  the  mica- 
slate  district  under  consideration.  They  have  generally  presented 
rather  more  saline  constituents  than  the  streams  in  their  oidinaiy 
state,  and  invariably  no  colour  appreciable  by  any  of  the  ocular 
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taaU  I  hftve  lued  u  deKribed  above.  SometimoB  their  ulU  u» 
BCEDty;  but  always  the;  aie  quite  colourless.  Their  Bolida  appeal 
to  vary  from  a  16,000lh  to  a  21,000tb ;  and  chloridee  and  lime- 
salts  are,  for  the  most  part,  indicated  by  their  proper  liqnJd  tests 
lather  more  distinctly  than  in  the  general  mn  of  stream  iraters  in 
their  ordinary  state  of  fulness.  Several  small  springs  high  on  the 
hill  slopes  have  yielded  these  results.  Similar  in  that  respect  is  a 
copious  spring  in  GHen  Beg,  more  familiarly  known  by  the  name 
of  Hell's  Olen,  about  three  miles  from  Loofa-Goil-head  in  the 
narrow  pass  to  St  Catherine's  on  Jioch  Fyne.  This  spring,  which 
gushes  in  force  near  the  highway  and  close  to  the  valley  stream, 
is  at  all  times  beautifully  limpid,  and  seems  to  be  little  affected 
in  volume  by  droughts  or  floods.  Its  temperature  is  44°  when 
the  air  is  64°  and  moiet  though  its  site  is  not  much  over  300 
feet  above  the  sea-level.  Its  water  is  perfectly  colourless,  but 
confaina  rather  mare  chlorides  and  earthy  salts  than  the  waters 
of  the  streams  iu  their  ordinary  condition.  Another  more  re- 
markable spring  of  great  volume  issues  from  the  sonth  flank  of 
the  Cobbler,  about  1500  feet  perpendtcalar  above  the  bottom  of 
Glen  Groe,  and  leaping  from  lock  to  rock,  joins  the  Croe  abont  half- 
way np  the  glen.  In  the  very  dry  season  of  1870,  its  course  was  the 
only  one  which  showed  any  water  among  the  many  which  score 
the  steep  slope  of  the  mountain  where  it  overlooks  the  glen  from 
the  north.  I  found  the  water  last  autumn,  after  ten  days  of  com- 
plete drought,  to  be  perfectly  colourless,  and  to  be  so  free  from 
saline  matter  as  to  be  barely  affected  even  by  the  delicate  liquid 
tests  for  chlorine  and  for  time. 

As  the  various  streams  now  described  are  the  feeders  of  the 
fresh-water  lakes,  which  abound  in  the  mioa-alale  districts,  the 
composition  of  the  water  of  the  lakes  must  he  the  same  with  that 
of  the  average  water  of  the  streams.  The  small  upland  "tarns" 
are  peaty,  owing  to  the  peat  which  paves  and  surrounds  them. 
But  the  great  low-lying  lakes  present  very  little  solid  matter  of  any 
kind  in  their  waters ;  their  scanty  salts  consist  of  chlorides,  car- 
bonates, and  sulphates,  the  bases  being  lime,  soda,  and  magnesia  j 
and  the  organic  colouring  matter  ia  so  small  as  to  be  discoverable 
by  delicate  tests  only.     In  all  instances,  however,  cur  purest  Iske 
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tnten  in  a  mica-Blate  oountr;  an  alightly  —  very  sligbtl; 
eolonred. 

Tke  water  of  Loch  Eatrine  is  a  vell-knovn  and  oharacteriatic 
example.  Some  years  before  the  proposal  was  first  entertained  to 
nee  it  for  supplying  G-lasgow,  I  found  it  to  contain  only  a  40,000th 
of  solids.  When  compared  with  a  fine  spring  water,  however,  it 
now  presents  in  a  IG-inch  glass  tube  an  appreciable,  yet  Tsry  faint, 
yellowness.  In  hardness  it  indicates  only  065  by  the  soap-test, 
or  the  equivalent  of  a  108,000th  of  carbonate  of  lime.  In  corre- 
spondence with  this  great  purity  it  acts  powerfnlly  on  lead.  In 
three  weeks,  a  lead  plate  one  Inch  and  a  half  square,  lost  2*63 
grains  in  weight,  which  is  exactly  the  loss  sustained  in  distilled 
water  in  the  same  time ;  and  crystalB  of  carbonate  of  lead  were 
formed  in  profusion. 

The  water  of  Looh  Lomond  is  a  less  familiar  instance  of  the 
aame  kind. 

Loch  Lomond  is  twenty  miles  long,  and  at  its  southern  or  outlet 
end,  rather  more  than  fonr  miles  and  a  half  wide.  Its  average 
elevation  is  only  22  feet  above  high-water  mark.  Eight  miles 
north  of  its  outlet  it  suddenly  contracts  at  Boss  Point  to  lathei 
less  than  a  mile  aorosB  ;  and  the  northern  division  of  twelve  miles 
in  length  varies  in  breadth  between  a  mile  and  only  a  foorth  so 
much.  The  lower  wide  division  of  the  loch,  at  a  short  distance 
from  the  shore,  varies  in  depth  on  the  whole  from  8  to  12  fathoms; 
and  these  sonndings  continue  till  near  Point  Rose,  where  there  is 
%  rapid  increase  to  32  fathoms.  This  continues  to  be  the  average 
in  the  middle  of  the  lake,  till  at  the  next  contraction  in  its  width, 
opposite  Bowardennan  Point,  where  it  singularly  shallows  at  once 
(o  9,  8,  and  7  fathoms.  A  mile  farther  up,  after  another  swell,  it 
quickly  deepens  at  a  new  contraotion  at  Bhuda  Mor  (the  Great 
Point)  to  65  fathoms ;  and  for  five  miles  further  north  the  sound- 
ings  first  steadily  deepen  by  degrees  to  105  fathoms,  and  then 
■helve  to  80  opposite  Inversnaid;  above  which  point  the  lake 
becomes  both  much  narrower  and  greatly  less  deep  (Admiralty 
Hap).  Uy  observations  on  its  waters  were  made  near  Tarbet, 
which  faces  the  middle  of  the  very  deep  five-mile  reach,  where  tiie 
soundings  in  mid-channel  are  never  under  85,  and  at  one  place, 
opposite  CnlneSB  farm-house,  attain  the  extreme  depth  of  100  and 
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even  105  fKtboms, — the  vidtb  there  beiog  baiely  three-fonithB  of  a 
mile. 

The  Borface  irater  over  these  great  depths  is  of  lemarkable 
parity.  Its  salioe  matter  is  very  scanty,  and  the  colouring  organic 
matter  equally  so.  Still  it  has  a  faint  yellowish  oolosr.  On  Sep- 
tember 21at,  the  second  day  after  heavy  lain,  incessant  for  twelve 
honrs,  a  white  potcelain  basin,  4  inches  in  diameter,  disappeared  id 
18  feet  of  water;  on  11th  October,  after  many  days  of  alternate 
rain  and  drought,  in  IS  feet ;  and  on  18th  November,  after  foai 
days  of  dry  weather,  in  11  feet,  but  in  feeble  Bnnebine.*  After 
long  drought  there  is  little  doubt  that  the  colour  would  be  lees,  for 
it  will  be  seen  subsequently,  that  as  the  streams  pour  in  fresh  sup- 
plies of  water,  there  is  reason  to  suppose  that  these  penetrate  little 
before  they  run  off,  and  consequently  the  oolonred  flood  waterfrom  the 
streams  will  colour  for  some  time  the  superficial  waters  of  the  lake. 
On  18th  Kovember,  Uie  water  taken  from  the  surfaoe  of  Loch 
*  Tbia  ia  ■  good  method  of  aacertainJDg  the  ralstive  oolonr  of  watara  if  It  be 
timplof ed  wjth  dne  pieontioDB,  The  trial  ahaold  be  made  in  aniiahiiie — 
wben  ths  aheet  of  water  ia  qnite  calm— between  9  a.k.  and  8  p.v.,  ao  that 
tbe  aDu'a  ra;a  ma;  not  fall  too  abliqnelj  on  the  water,  and  with  the  back  to 
the  flnn,  and,  beat  of  all,  on  the  ahady  side  of  a  boat.  If  all  Iheae  condjtiona 
be  leveraed,  TiaiOD  will  penetrate  acareelf  half  m>  deep  m  when  the;  a»  all 
obserred.  In  my  receut  triala  I  have  not  fuand  B  white  object  vialble  at  a 
greater  depth  than  21  feet,  vis.,  on  Looh  Lomond  on  the  flth  Haj.  Bnt. 
from  obaerrationB  made  manj  jean  ago,  I  am  aatjafied  that,  after  long  dry 
weather,  «ome  river  Waters  will  allow  eneh  an  object  aa  a  white  porcelain 
basin  to  be  aeen  at  a  mnch  greater  depth,  with  dne  attention  to  tbe  oondi- 
tiona  now  mentioned.  Having  a  reoollection  of  seeing  it  elated  long  ago, 
that  the  water  of  the  Lake  of  QensTa  waa  ao  clear,  that  objecta  could  be  dis- 
tingniahed  in  it  at  a  very  great  depth,  I  applied  to  Dr  Coiudet  of  Geneva  fc$ 
preciae  inrormstien,  for  which  he  refened  me  to  Profenoi  Forel  of  Lansanne, 
To  Fiof«Mor  J'oreVa  IdndneM  I  am  indebted  for  the  following  iatereatiug 
facts :— In  the  spring  of  1869,  using  a  white-painted  sheet  of  iron,  16  inches 
by  12,  be  found  that  tbe  ntmott  depth  at  which  it  oonld  be  aeen  ww  18 
metres,  or  44  feet.  The  transparency  is  much  affected  by  locality,  and  Tory 
much  too  by  season.  In  winter  and  spring  it  ia  greatest,  in  snmmer  and 
antnmn  least  In  the  Bay  of  Merges,  objects  may  be  aeen  diitincti;  at  the 
bottom  in  winter  at  a  depth  from  18^  to  20  feet,  while  in  summer  they  ars 
barely  visible  tluongli  7  feet.  This  difference  Is  greatest  near  tbe  shore,  at 
tbe  bottom  of  luys,  and  near  villages  or  towns.  It  ii  least  aronnd  piomon. 
tones,  far  from  land,  and  at  a  distance  from  human  habitations.  In  antnmn 
tbe  obange  from  obecnrity  to  transpareuey  usually  takes  ^acs  early  in  October, 
and  is  eompleled  in  three  days ;  in  summer,  the  reverse  ehaage  taku  place 
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Lomond  OTer  a  depth  of  102  fathoms,  or  612  feet,  pieaented  in  a 
16-inch  tnbe  aa  exactly  as  p0:jsihle  the  Hame  degree  of  faint  yellow- 
iah  bne  as  the  water  of  Lock  Katrine.  Evaporated  to  dijneu,  it 
left  a  pale,  greyish  film,  amounting  to  a  33,000th  of  the  water.  It 
had  only  0*70  degrees  of  hardneaa  by  Clark's  soap-test.  Of  the 
other  liquid  reagents,  acntate  t>f  lead  alone  caused  at  once  a 
slight  haze;  oxalate  of  ammonia  and  nitrate  of  silver  had  at 
first  no  effect,  but  in  time  caused  an  extremely  faint  haziness ; 
nitrate  of  baryta,  and  ammoniacal  phosphate  of  soda  bad  no  effect 
at  all.  When  the  water  was  muoh  concentrated,  however,  snl- 
phatea,  carbonates,  and  chlorides,  as  well  as  the  bases,  lime,  soda, 
and  magDesio,  were  clearly  indicated  by  theii  ordinary  tests,  exactly 
as  in  the  eprings  and  streams  of  the  adjacent  country. 

I  examined  also  the  water  taken  at  the  same  place  from  the 
bottom  at  the  depth  of  102  fathoms.  This  differed  in  some 
respects  from  the  surface  water  directly  above  it.  It  contained 
the  same  salts.  But  nitrate  of  silver  indicated  rather  less  chlo- 
ridea;  acetate  of  lettd  more  carbonates;  the  soap-test  denoted  a 
trifling  additional  hardness,  namely  0*74  degrees,  and  the  total 
solids  amounted  te  a  28,000th  instead  of  a  33,000th.  Farther, 
about  the  beginofng  of  May,  and  Ib  more  gradual.  B;  filtering  a  largo 
qoantltj  of  tnibid  water,  he  fonnd  the  obscnring  causa  to  be  a  ooUeetioB  of 
amorpboDB  dnat,  Uring  and  dead  diatoniB,  vegetable  debits,  a  few  liviBg 
iufnsoria  and  cnutaceaDs,  and  debris  of  insect  Urns  a&d  microMOpio  ons- 
taeea.  The; uatnrall; collect  bIo«1j  in  the  summer',  but  the  Snt  cold  of 
approoohing  winter  Bends  them  quicJcI;  doira  with  the  water  as  it  eoolo. 

Id  the  case  ot  Loch  Lomoad,  these  iDqairiea  of  ProfeMor  Forel  wotdd  lead 
one  to  expect  little  inflneace  from  organic  oi  Inorganic  dnst  in  obaaaring 
water  where  it  is  so  deep  as  at  the  places  ehosen  for  mrobeervstiDna.  Aooord- 
ingly,  the  Burface  water  was  remarkahljr  free  from  tnrhidit;,  or  deposit  m 
standing  at  rest.  But  tlie  yellawieh  colour,  faint  though  it  be,  eonstitatea  a 
uo  less  powerfii]  obetruotlon  to  the  penetration  of  light.  The  depth  of 
oobnir,  and  consequeutl;  the  trautparency,  rarj  at  different  periods,  not  so 
mnch  with  the  seasonB  as  with  the  times  of  fioods.  In  adTanood  auminer 
and  in  antumn,  the  floodH  increase  the  colour  decidedl;,  and  lessen  for  a 
time  transparency.  But  my  single  obserretion  on  6th  May,  when  I  fonnd 
the  transparency  greatest  of  all  a  few  days  after  heavy  north-eB«t  rain,  raise* 
a  qnestion  whether  floods  have  the  same  effect  in  spring  or.  the  end  of  winter. 
A  probable  reason  for  the  contrary  may  be,  that  the  soluble  matters  of  the 
peat-fleldB  and  Btream-oonrMB,  developed  by  beat,  growth,  and  atmoiphsrie 
action  in  summer  and  autumn,  are  mnch  exhausted  by  tbs  frequent  winter 
floods  before  the  arrival  nf  the  floods  of  spring. 
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althongh  the  colour  is  the  same  at  the  bottom  as  at  the  eurface, 
and  Tery  slight,  it  is  diatiDctly  deeper  in  shade  when  seen  in  a 
16-inch  tobe ;  and  the  film  left  on  evaporation,  instead  of  being 
light  grey,  is  of  a  rather  deep  yellowish -brown  tint. 

[May  16th,  1872. — As  supplementary  to  these  obBervations,  I 
may  here  add  the  following,  which  I  had  an  opportunity  of  mak- 
ing on  the  10th  of  lost  montfa : — During  the  five  winter  months 
intermediate  between  my  previous  visit  In  November,  the  winter 
had  been  nnusually  open.  Until  the  middle  of  Haroh,  indeed,  there 
had  been  very  little  frost,  and  no  severe  cold.  During  the  latter 
half  of  March  frosty  northerly  winde  prevailed,  but  without  any  very 
great  fall  of  the  thermometer.  In  the  last  days  of  If  arch  and  first 
three  days  of  April*  snow  fell  frequently,  covering  the  Highland 
mountains  to  their  bases.  Ben  Lomond  and  the  adjacent  Arrocbar 
mountains  shared  in  the  change.  On  4th  April  the  wind  veered 
to  west  and  eouth-west;  bright  sunshine  and  warmth  soon  dis- 
solved most  of  the  snow,  and  this  weather  contioued,  with  scarcely 
any  rain,  till  after  my  visit.  The  ground  around  Loch  Lomond 
was  consequently  dry,  the  hill  streams  very  low,  and  the  streamlets 
dried  up,  or  nearly  so. 

The  surface  water  corresponded  with  these  antecedent  circum- 
stances. £^quent  winter  floods  had  swept  from  the  mountains 
most  of  tbe  soluble  matter  from  their  beds ;  and  for  some  days  the 
streams,  reduced  to  rilla,  would  have  little  remaining  to  remove 
from  their  stony  channels.  Hence  tbe  surface  water  was  of  great 
purity.  A  white  porcelain  basin,  two  inches  in  diametei,  was 
visible  at  tbe  depth  of  16  feet,  although  a  light  breeze  rippled  the 
surface.  In  a  16-inch  tube  the  yellowish  colour  was  extremely 
faint.  Tbe  solid  contents  amounted  to  only  a  32,000tb  of  tbe  water, 
and  lost  a  fourth  by  in oi aeration.'''  Nitrate  of  silver  occasioned 
in  the  water  only  the  faintest  haze,  and  oxalate  of  ammonia  did 
not  visibly  affect  it.  The  soap-test  indicated  049  of  hardness, 
which  is  equivalent  to  a  145,000th  of  carbonate  of  lime.  In  accord- 
ance with  its  purity  this  water  acted  powerfully  on  lead.  Action 
commenced  at  once,  loose  crystals  of  carbonate  of  lead  were  formed 

•  26,260  gmint  left  C'83  at  800"  F.,  and  062  after  fneineretioD. 
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in  abundance,  and  in  twenty-thiee  days  a  plate  an  inch  and  a  half 
square  lost  1*11  grain  in  weight. 

The  bottom  water,  taken  where  the  depth  was  594  feet,  differed 
matoriallj  in  these  characters.  The  cistern  brought  up  some  finely 
comminuted  peat-like  matter,  in  which  the  microecope  detected  a 
profusion  of  various  diatoms,  and  two  species  of  active  microcoBmio 
animals.  The  colour  of  the  water  was  deeper  than  that  of  the  sur- 
face, and  became  the  same  not  till  the  addition  of  half  its  volume  of 
colourless  distilled  water.  N^itrate  of  silver  produced  an  immedi- 
ate scanty  precipitate,  oxalate  of  ammonia  scarcely  any  effect. 
The  soap-test  indicated  1*015  of  hardness,  which  is  the  equivalent 
of  a  69,000th  of  carbonate  of  lime.  The  soUdsCiamounted  to  a 
16,000th  of  the  water,  and  lost  a  third  by  incineration.*'  When  the 
water  was  evaporated  to  a  tenth  of  its  volniqe,  nitrate  of  aUver 
indicated  chlorides  in  abundance,  nitrate  of  baryta  sulphates  feebly, 
oxalate  of  ammonia  lime  sparingly,  and  phosphate  of  ammonia 
magnesia  faintly.  The  original  water  had  no  notion  at  all  on 
lead.  The  lead  plate  became  dull  in  a  few  hours,  but  no  other 
change  ensued  which  the  eye  could  discover;  and  in  twen^- 
three  days  the  plate,  which  originally  weighed  40£'73  gt^ns, 
weighed  405*74  grains. 

These  differences  between  the  bottom  and  surface  waters  were  so 
great,  that  it  became  desirable  to  repeat  the  examination,  which  I 
was  able  to  do  on  the  6th  of  the  present  month.  A  good  deal  of 
easterly  rain  had  fallen  for  some  days  until  two  days  before  this 
visit ;  but  the  hill  streams  had  already  become  low.  The  waters 
were  collected  near  the  same  place  as  before, — the  bottom  water 
fVom  a  depth  of  94  fathoms,  or  564  feet.  The  cistern  brought  up, 
as  formerly,  some  peaty-iike  matter,  which  speedily  subsided,  and 
was  promptly  removed  by  decantation.  Both  specimens  of  water 
were  very  pure.  Bat  the  bottom  water  was  more  affected  than  the 
surface  water  both  by  nitrate  of  silver  and  by  oxalate  of  ammonia, 
and  its  colour  was  decidedly  deeper,  so  that  fully  more  than  half  its 
volume  of  colonrless  distilled  water  required  to  be  added,  to  produce 
the  feeble  tint  of  the  water  from  the  surface.f    The  peaty  matter 

•  18,126  graini  left  0-82  grains  at  800,  and  0-56  aOex  incinflration. 
t  The  ciatem  which  brought  up  the  water  wu  new,  mads  c^  cot^ter,  and 
-omlihed,  forvalTeB,  with  ipheriool  copper  baUareatiDg  on  hemiiphericalbedi. 
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ma  fonod  by  iniorOBCo|ncal  examination  to  abound  in  diatomB  and 
skeleton  tisBnea  of  graminaoeoos  and  other  Tegetablee.  The  bottom 
water  contained  a  26,00(Hh  of  aolids. 

It  faaa  been  proposed,  in  projects  for  tDtrodncing  lake  water  into 
a  town  for  domestic  uses,  to  draw  the  water  from  a  considerable 
depth,  instead  of  from  the  surface,  nader  the  supposition  that  the 
deep  water  is  the  purest.  The  preceding  observations  show  that 
this  is  a  mistake,  at  least  in  the  case  of  some  lakes.  On  every  occa- 
sion I  have  found  the  water  of  Loch  Lomond  somewhat  more  saline 
in  its  deepest  parts  than  at  the  snrface  immediately  above,  and 
decidedly  more  colonred.  The  cause  is  easily  understood,  if  the 
preceding  chemical  examination  be  taken  in  connection  with  the 
observations  to  be  subseqaently  made  on  the  temperature  of  Loch 
Lomond  at  varioDs  depths.  For  the  results  of  both  inquiries  cou- 
cnr  in  indicating  that,  in  the  very  deep  parts,  there  is  a  vast  body 
of  still  water  which  undergoes  little,  or,  perhaps,  no  change  or 
movement,  and  which,  therefore,  at  the  bottom,  will  become  impreg- 
nated with  whatever  is  soluble  in  the  bed  on  which  it  rests. 

Let  me  now  change  the  scene  to  the  hUla  and  the  waters  of  the 
Lowlands. 

In  the  course  of  late  notorious  proceedings  in  this  city  for  obtain- 
ing a  more  abundant  water  supply,  it  was  stated  by  good  chemical 
authorities  that  the  water  of  St  Mary's  Loch  in  Selkirkshire, 
although  of  remarkable  purity,  does  not  exert  upon  metallic  lead 
that  eroding  action  which  is  a  singular  property  of  all  pure  waters 
previously  subjected  to  trial.  This  statement  was  so  opposed  to 
the  principles  regulating  the  action  of  waters  upon  lead,  as  pro- 
pounded by  me  so  long  ago  as  1829,  and  also  to  the  facts  brought 
forward  both  then  and  in  a  paper  read  to  this  Society  in  1842, 
that  I  resolved  to  investigate  the  question  for  myself. 

This  undertaking,  in  spite  of  my  stroug  repugnance  and  steady 
refusal  to  be  involved  on  either  side  of  the  Edinburgh  water-coo- 
tioversy,  led  indirectly  to  my  being  compelled  to  concern  myself 
with  it  as  a  parliamentary  witness.  But  let  it  be  clearly  understood 

and  it  waa  ebybt  used  except  for  tbwe  experiment*.  The  eisteiu  «m  emptied 
at  ODce  into  itoppered  bottles  on  being  drawn  into  the  boat,  and  wsa  carefollj 
dried  in  a  CDrrest  of  air  wiUi  the  valves  open. 
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tliat  my  inquiries  were  nndertokeD  quite  iirespeotive  of  all  contro- 
venial  proceedingg,  parliamentary  01  otherwise,  and  foi  a  purely 
Boientifio  object — in  which  point  of  view  alone  I  shall  now  proceed 
to  fitata  them.  In  the  present  place,  I  shall  notice  the  lead  ques- 
tion slightly,  leeeiving  that  inquiry  for  another  bead  of  my  ohaer- 
vations.  At  present  I  have  to  say  a  few  words  of  ether  matters 
which  arose  incidentally  hefore  mo  in  the  course  of  my  inquiriea. 

St  Mary's  Loch  is  a  lonely  lake,  retired  among  the  hills  of  Sel- 
Icitkshire,  37  mites  south  from  Edinhurgh.  It  is  three  miles  long, 
and  about  half  a  mile  in  width  at  its  broadest  parts  ;  but  it  may  be 
said  to  be  prolonged  nearly  another  mile  by  the  Loch  of  the  Iiowes 
above  it,  which  is  separated  only  by  a  space  of  150  yaids,  through 
which  the  upper  loch  is  joined  to  St  Mary's  Looh  by  a  email  stream. 
The  lake  in  most  parts  shelves  rapidly  to  a  depth  of  30  or  40  feet; 
in  various  parts  it  is  said  to  deepen  to  80, 100,  and  even  150  feet ; 
and  at  a  place  pointed  out  to  me  as  the  deepest,  I  found  144  feet 
of  water.  It  discharges  itself  in  a  goodly  body  of  water,  by  a  broad, 
shallow  outlet  to  constitute  the  Yarrow  Water.  This  joins  the 
Ettrick  a  mile  and  a  quarter  above  Selkirk  ;  and  the  united  waters, 
under  the  name  of  Ettrick,  are  ponied,  aft«T  a  course  of  about  four 
miles  more,  into  the  river  Tweed.  The  Yarrow  mns  over  11  milee 
in  a  right  line,  but  14  miles  by  its  windings,  in  a  very  atony  chan- 
nel, obviously  of  great  width  in  floods. 

The  country  of  the  Tarrow  and  St  Mary's  Loch  is  almost  entirely 
pastoral,  except  where  covered  at  the  lower  end  of  the  stream  by 
the  beautiful  woods  of  Bowhill,  Philipshaugh,  Hangingshaw,  and 
other  country  seats.  Around  the  lake  itself  the  land  may  be  de- 
scribed as  consisting  purely  of  pastoral  hills,  the  attempts  at  arable 
culture  being  as  yet  very  limited,  and  wood  hitherto  a  scanty  and 
stunted  ornament.  The  level  of  the  lake  is  almost  exactly  800 
feet  above  the  sea.  It  is  bordered  everjrwbere,  and  abruptly,  by 
bills  rising  from  750  to  1000  feet  above  it,  showing  long  sky-lioee, 
and  steep  elopes  which  present  no  rocks,  no  woods,  nothing  but 
smooth  grass,  unbroken  save  where  scored  by  a  few  stream  courses, 
mostly  waterless  in  dry  weather.  But  the  Meggat  Water  is  a 
considerable  permanent  stream,  seven  miles  in  direct  length,  which 
falls  into  St  Maiy's  Loch  aboat  its  middle  line  on  the  north ;  and 
the  Little  Yarrow,  three  miles  in  direct  length,  feeds  the  Looh  of 
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the  Loves  at  its  upper  end.      These  Btreams,  though  short,  are 
volnmiDonB,  becaase  constantly  supplied  by  numberless  hill  tribu- 

A  traveller  on  the  loch-side  sees  no  peat  anywhere.  The  dis- 
trict was  therefore  pronounced  b;  recent  one-eyed  visitors  to  be 
free  from  peat.  An  inquisitive  observer  might  have  suspected  the 
reverse  from  one  of  the  highest  surrounding  hills  being  called 
Feat- Law ;  and  on  the  high  sky-line  of  another,  a  telescope  would 
have  betrayed  to  him  a  very  snapicious  circumstance  in  a  crowd  of 
little  peat-stacks.  Any  one,  not  content  with  creeping  along  the 
bottom  of  valleys,  but  familiar  with  the  summits  of  the  mountains 
of  the  Scottish  Lowlands,  would  then  have  known  that  the  sky- 
line seen  from  the  loch-side  is  not, — as  it  veiy  often  is  in  the 
primitive  mountains  of  the  Highlands, — a  mere  ridge,  but  forms 
the  edge  of  a  great  table-top,  which,  in  most  cases,  is  chiefly  com- 
posed of  peat.  In  point  of  fact  Frofessoi  Geikie  baa  shown  last 
Bummer,  from  the  Government  Qeologioal  Survey,  that  a  vast  pro- 
portion of  the  hill-tops  in  the  St  Mary's  district  consists  of  peat 
table-lands. 

The  consequences  which  flow  from  this  structure  of  the  country 
are  peculiar.  In  dry  weather  the  high  peaty  summits  of  the  hills 
will  cease  to  supply  moisture  enough  to  drain  into  tbe  streamlets 
which  score  theii  sides.  These  will  then  convey  to  the  lake  chiefly 
the  drainage  of  the  grassy  slopes,  and  the  produce  of  the  scanty 
springs  in  the  lower  regions.  But  when  a  rain-flood  seta  in,  the 
peat,  whether  previously  dry  oi  moist,  will  send  down  a  profusion 
of  peaty  water.  Had  the  Yarrow  flowed  as  a  river  through  the 
Tale  at  St  Haiy's,  the  peaty  flood  would  have  been  swept  qnickly 
down  towards  the  sea ;  and  in  two  or  three  days  the  waters  would 
have  recovered  from  their  peaty  impregnation.  But  the  two  lochs, 
with  a  superficial  area  of  two  square  miles,  store  up  the  peaty 
water,  and  dole  it  out,  like  a  compensation  pond,  for  many  days, 
until  the  arrival  of  a  fiesh  flood  to  renew  it.  An  embankment  at 
the  outlet,  to  increase  the  storage,  would  protract  the  outflow, 
and  postpone  still  further  the  recovery  of  the  water  from  impurity. 

These  facts  and  views  could  only  occur  to  one  familiar  with  the 
district,  or  going  thither  to  study  it  for  a  practical  object.  When 
I  first  went  to  St  Uary's  Loch  ou  the  12cb  and  13th  June  last,  I 
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had  no  further  acqnaiutance  with  the  hill  structure  around  than 
that  of  an  angler  thirty  years  ago,  whec  I  probably  looked  more 
at  what  came  out  of  the  loch  than  at  anything  else  concerning 
it.  I  consequently  went  preposaessed  in  its  favour  by  the  glowing 
account  given  of  its  extreme  purity  by  its  admirera.  My  surprise, 
therefore,  was  not  small  when  my  very  first  obeervatton  showed 
that  its  water  was  yellow.  My  visit  was  made  in  circumstances 
highly  favourable  to  its  condition,  in  splendid  sunshine,  being  the 
last  two  days  of  sis  weeks  of  extraordinarily  dry  weather,  broken 
only  by  a  few  light  showers,  sufQcient  to  freshen  the  grass,  and 
little  more.  Bat  I  found  that  my  white  porcelain  basin  became  at 
once  yellowish  when  dropped  into  the  lake,  acquired  a  lively  amber 
hue  at  the  depth  of  3  feet,  and  disappeared  entirely  at  12  feet, 
while  the  sun  shone  brightly  on  the  spot.  I  remembered  well, 
however,  having  once  distinguished  small  pebbles  in  the  Dumfries- 
shire Ksk  through  16  feet  of  water,  when  spearing  salmon  in  a  still 
pool,  and  on  another  occasion  through  21  feet  in  a  pool  below  the 
Bracklinn  Falls,  near  Callander.  I  afterwards  tested  the  colour  of 
the  loch  water  on  a  small  scale,  and  showed  it  satisfactorily  to 
many,  by  comparing  it  with  the  water  of  Edinburgh  of  the  same 
date  in  two  narrow  gloss  jars,  20  inches  in  height,  with  a  circular 
disc  of  white  porcelain  at  the  bottom.  The  poroelain  was  of  un- 
stained whiteness  as  seen  through  the  Edinburgh  water,  but  of  a 
lively  amber  tint  when  looked  at  through  the  water  of  St  Kary's 
Looh.  The  difference  was  not  less  marked  in  the  narrow  16-inch 
tubes.  £ven  in  dining-table  water-bottles,  placed  on  a  white  table- 
olotfa,  the  colour  of  the  loch  water  was  such  aa  to  make  it  evident, 
that  certainly  nobody  would  drink  it  who  could  get  the  other.  I 
may  add  that,  when  I  revisited  the  loch  on  8th  September,  also 
in  bright  sunshine,  I  found  that  my  porcelain  basin  disappeared 
entirely  in  eight  feet  of  water  -,  and,  nevertheless,  there  had  been 
previously  ten  continuous  days  of  absolutely  dry  weather. 

On  the  12th  and  13th  June,  I  saw  in  the  water  no  want  of  the 
water-fleas,  which  excited  so  much  interest  and  beat  in  the  late 
controversy.  It  may  create  additional  interest  with  some  to  be 
told  that  three  months  later  they  were  decidedly  bigger,  busier, 
and  (^together  more  deserving  of  their  vernacular  name. 

Before  speaking  of  the  obemical  composition  of  the  water,  let 
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me  fiiiiBfa  what  may  be  said  of  the  physical  characters  of  the  locb, 
by  noticiDg  ooe  not  yet  adverted  to.  Yisttora  in  the  dry  season, 
when  the  watera  of  the  lake  are  somewhat  shrunk,  have  been 
much  struck  with  the  beauty  of  its  border, — its  "  silver  strand." 
This  is  owing  to  a  unifonn  beach  of  crowded,  chiefly  angular,  or 
partially  rounded,  light-grey  coloured  BtonoB.  The  colour,  however, 
isnot  their  own,  but  belongs  to  a  generally  dense  covering  of  a  dried- 
np  matter,  composed  of  a  multitude  of  variona  diatoms  entangled  in 
the  delicate  lines  of  a  finely  fibrous  conferva.  In  the  fresh  state 
this  investing  matter  is  dark  greenish- brown,  close,  and  slimy.  The 
stones,  therefore,  give  the  loch,  even  in  its  shallaws,  a  disagreeable, 
dark,  deep  appearance,  abruptly  defined  by  the  water's  edge.  But 
all  of  them  out  of  water  acquire,  in  drying,  a  light  grey  or  greyish- 
white  hue.  Every  scientific  visitor  has  obsdrved,  and  some  have 
carefully  examined,  these  stones  and  their  covering.  But,  bo  far 
ae  I  am  aware,  no  one  has  noted  their  full  significance-,  of  which 
more  presently,  when  I  come  to  speak  of  the  Yarrow. 

The  water  of  the  loch,  though  it  is  coloured,  is  a  pure  water, — 
in  the  sense  that  it  contains  very  little  solid  matter  in  solution. 
It  has  been  repeatedly  analysed,  and  found  to  contain  rather  lesB 
than  a  20,000th  part  of  total  solidB.  Mr  Dewar,  the  latest  analyst, 
I  believe,  found  a  22,440tb,^-of  which  the  inorganic  salts  consti- 
tuted two-thirds  [a  S7,000th],  and  the  organic  matter  one-third  [a 
55,500tb].  The  chief  inorganic  Baits  are  the  same  aB  in  the  mica- 
slate  streams  and  loohs  of  the  Highlands,  and  much  in  the  same 
proportion  to  one  another.  The  hudnesB  of  the  water  was  found 
by  Sir  Dewar  to  be  1*30  degieee  by  the  soap-test,  or  nearly  twice 
that  of  Loch  Lomond  surface  water.  Other  chemists  have  found 
more  Bolids,  some  leas.  My  own  results,  with  water  collected  on 
13th  June,  show  more  saline,  and  rather  less  organic,  matter; 
which  is  no  more  than  might  have  been  anticipated  from  the  long 
antecedent  very  dry  weather.  I  found  the  solid  contents  dried  at 
about  300°  F.  to  be  a  15,000th  of  the  water ;  one-fourth  of  this 
was  destroyed  by  alow  incineration  at  alow  red  beat;  and  the  hard- 
ness was  2*0  degrees  of  Clark's  soap-test  scale, — which  is  about  the 
fourth  part  of  that  of  the  present  Edinburgh  water  supply.  Water 
collected  three  months  later,  on  8th  September,  after  ten  days  of 
complete  drought,  which,  after  a  few  days  of  showery  weather, 
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followed  the  verf  heavy  floods  of  24th  August,  coDtaioed  more 
colouring  matter,  exhibited  less  action  with  the  ordinary  liquid 
tests  for  the  inorganic  salts,  and  had  a  hardoees  of  1*4  degree 
OBly.  I  have  no  doubt  that  this  water  correspoDded  in  all  respects 
very  closely  with  the  specimen  examined  by  Mr  Dewar. 

Thus,  it  appears,  that  the  waters  of  @t  Uary's  Loch — which, 
with  the  exception  perhaps  of  those  in  the  primitive  districts  uf  EiHC' 
cndbrigbtshire  and  Wigtownshire,  may  be  taken  as  a  type  of  the 
lowland  lochs  at  large — differ  from  the  waters  of  the  Highland 
lakes  in  containing  more  solid  matter,  a  little  more  saline  matter, 
and  decidedly  mors  colouring  organic  matter,-and  in  being  consi- 
derably harder,  though  really  belonging  to  the  "soft"  waters  too. 
Another  difference  is  that  they  vary  more  with  the  season,  the  salts 
becoming  rather  more  abandant  in  long  dry  weather,  and  the 
colouring  matter  clearly  abounding  more  during  and  after  floods. 
Finally,  a  remarkable  difference  in  property,  to  be  discussed  by- 
and-by,  is,  that  unlike  the  waters  of  the  Highland  lochs,  that  of 
St  Mary's  Loch  does  not  erode  lead.  But  first  let  me  say  a  word 
or  two  about  the  Yarrow  Water,  by  which  this  lake  discharges 
itself. 

The  Yarrow,  before  uniting  with  the  Ettrick,  winds  for  11  miles 
through  a  narrow,  bare,  chiefly  pastoral  vale,  bounded  by  gently 
eloping  bills.  It  is  joined  in  this  course  by  twenty-two  tributaries, 
of  which  only  three  or  four  are  considerable  streamlets,  the  others 
being  mostly  rills,  apt  to  be  dried  up,  or  nearly  so,  in  dry  weather. 
The  waters  of  the  chief  tributariee  contain  in  the  dry  season  more 
salts  than  the  main  stream  itself,  but  very  much  less  colouring 
matter,  two  of  them,  indeed,  none  at  all  appreciable  even  in  a  16- 
inch  tube.  The  channel  of  the  Yarrow  is  wide  and  stony,  and  the 
stream  shallow,  and  for  the  most  part  turbulent.  In  the  14  miles 
it  falls  220  feet.    Its  banks  present  very  few  human  habitations. 

These  circamstanoes  are  favourable  to  the  gradual  diminution  of 
organic  impregnations,  partly  through  the  decomposing  inflaence 
of  fresh  earthy  salts  added  here  and  there  by  little  tributaries, 
partly  by  the  alow  oxidation,  to  which  Liebig  gave  the  name  of 
"  Eremacaueis,"— "  quiet"  or  "  slow  burning."  My  attention  was 
turned  very  long  ago,  before  the  publication  of  Liebig's  views  on 
this  subject,  to  the  rapidity  with  which,  by  natural  processes, 
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etteams  rid  themselves  of  the  unDotursl  impurities  iatrodnced  into 
them  by  sewage,  and  by  some  of  the  maDufacturea.  £ut  I  am  not 
aware  that  the  process  of  clearing  has  been  watched  with  care  in 
circumataDces  altogether  natural.  It  occurred  to  me,  at  auyrate, 
that  we  hare  in  the  Yarrow  a  most  favourable  opportunity  for 
tracing  this  process  in  the  case  of  a  natural  water  of  a  remarkable 
kind,  under  the  operation  of  natural  causes  alone.  On  the  8tfa  of 
September,  therefore,  L  examined  the  course  of  the  Yarrow  with 
some  attention. 

In  its  descent  from  St  Mary's  Locb,  it  is  first  joined  by  two 
unimportant  rills,  at  that  time  nearly  dried  up  by  ten  days  of  pre- 
vions  drought.  A  mile  and  a  half  below  its  outlet,  it  receives 
from  the  north  its  largest  tributary,  the  Douglaa  Bum,  which 
drains  a  very  hilly  country  about  five  miles  and  a  half  long  and 
four  miles  wide.  This  stream,  indeed,  was  at  the  time  a  small  rill, 
compared  with  the  strong  body  of  water  in  the  Yarrow.  But  it 
was  interesting  in  this  respect,  that  its  water,  containing  more 
saline  matter  than  the  main  stream,  and  posBesiting  the  hardnesa 
of  4'90  degrees,  presented  no  colour  at  all,  even  when  examined  in 
a  16-inch  tube.  This  last  fact  is  remarkable,  because  the  Douglas 
Bum  comes  very  much  from  peat-topped  hills,  so  that  either  the 
peaty  water  of  floods  soon  rans  out  in  dry  weather,  and  spring- 
water  ia  alone  left,  or  the  water  clears  itself  by  eremacaueis,  or  in 
its  upper  course  in  the  way  in  which  purification  seems  to  be 
bronght  about  in  the  Yarrow. 

For,  when  I  came  to  examine  the  Yarrow  immediately  above 
the  junction  of  the  Douglas  Bum,  I  found  to  my  surprise  that  the 
colour,  which  at  the  outlet  was  such  as  to  render  a  porcelain  basin 
invisible  when  sunk  8  feet  only,  was  already  so  much  reduced,  in 
the  course  of  a  mile  and  a  half,  as  to  approach  the  faint  hue  of  the 
waters  of  Loch  Katrine  and  Loch  Lomond.  There  was  also  a 
slight  increase  of  salts,  as  shown  by  the  ordinary  liquid  tests,  and 
also  by  the  hardness  of  the  water  having  increased  from  1-4  to  240 
degrees. 

A  mile  lower  down  another  principal  tributary,  but  inferior  to 
the  Douglas  Bum,  falls  into  the  Yarrow  on  the  right,  the  Altrieve 
Sum,  which,  however,  I  had  not  time  enough  to  examine.  Two 
miles  farther  on  a  similar  streamlet  joins  from  the  right,  the 


byGooqlc 


56tS  Proceedings  of  Ike  Royal  Society 

Sundhope,  which,  too,  I  could  not  examiDe.  Other  trifiing  rilh, 
almost  dried  up,  join  between  the  Douglas  Bum  and  Tanon  kirk, 
seven  miles  from  the  outlet  of  the  lake.  This  point  was  a  good 
one  for  studying  the  Joint  effect  of  atniospberic  exposnre  through 
constant  agitation,  and  of  the  influx  of  several  brooks,  atl  probably 
containing  more  salts  than  the  main  stream  itself.  Here  I  found 
that  the  soap-test  indicated  a  further  increase  of  baidnesa  to  30 
degrees,  and  that  the  yellow  colour  in  a  16-iiicb  tube  waa  still 
further  reduced,  but  not  much. 

In  the  next  three  miles  and  a  half  there  are  six  little  tributaries, 
all  at  the  time  of  my  visit  insignificant,  and  some  quite  dried  up, 
till  we  arrive  at  the  Lewensbope  Burn,  which  drains  from  the 
north  a  considerable  stretch  of  the  Minobmoor  range,  described  to 
me  as  generally  stony  bills,  without  mncb  peat.  This  water  pos- 
■eased  65  degrees  of  hardness,  and  so  little  colour  that  it  was 
barely  appreciable  in  a  16-inch  tube.  In  the  remainder  of  its 
course  the  Yarrow  is  joined  by  five  more  rills,  either  almoet  dried 
np  when  I  was  there,  or  appropriated  in  a  great  measure  for  the 
supply  of  mansions.  Four  hundred  yards  above  its  junction  with 
the  Eitrick,  I  fouod  its  water  to  possess,  as  at  Yarrow  kirk,  seven 
miles  higher  up,  3*0  degrees  of  hardness,  so  that  the  comparatively 
saline  water  of  the  Lewensbope  had  not  materially  increased  the 
salts  of  the  Torrow.  But  tbe  colour  was  still  more  reduced,  so  as 
to  be  very  faint  indeed,  equally  so  with  the  colour  of  tbe  water  of 
Loch  Lomond. 

Thus  the  principal  loes  of  colour  takes  place  in  the  first  mile 
and  a  half  of  the  river's  course ;  but  there  was  also  a  very  appreci- 
able additional  improvement  in  the  longer  course  below,  and  the 
final  result  was  a  nearly  total  removal  of  colour- 
To  what  is  this  change  owing?  Does  it  depend  entirely  on  the 
intermixture  of  earthy  salts  from  the  tributaries,  and  on  erema- 
causis?  I  apprehend  that  these  oauses  will  scarcely  account  f(H 
tbe  great  change  effected  in  tbe  first  mile  and  a  half.  There  may 
even  be  a  doubt  whether  peat-extract  is  particularly  subject  to  the 
process  of  eremacausis.  It  is  well  known  to  be  a  preservative  of 
organic  matters,  which  it  could  scarcely  be  were  it  very  subject  to 
decay  itself;  and  I  find  that  a  solution  of  it  without  any  saline 
matter,  has  undergone  no  change  in  a  warm  room,  in  a  balf-fiUed 
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bottle,  during  eix  months.  But  there  ie  a  more  potent  agent  at 
work  in  the  Yarrow.  The  dark,  green-coated  stones  of  the  loch, 
with  all  their  characters  nnreduced,  pave  the  entire  channel  of  the 
stream  as  low  at  least  as  the  confluence  of  the  Douglas  Burn,  and, 
with  a  lees  abundant  covering,  so  low  at  least  as  Yarrow  kirk, 
seven  miles  from  the  outlet  of  the  lake.  But  there  is  nothing  of 
the  kind  in  the  chief  tributaries.  At  the  junclion,  for  example, 
of  the  Douglas  Burn,  there  is  an  abrupt  line  of  demarcation  be- 
tween the  dark  green,  slippery  stones  of  the  Yarrow,  and  the  stones 
of  the  tributary,  which  are  as  naked  as  if  they  had  been  scrubbed 
clean  with  a  brush.  I  do  not  well  see  how  to  escape  the  conclu- 
sion, that  the  confervs  and  diatoms  of  the  stones  live  at  the  coat 
of  the  peaty  matter  from  the  loch, — that  peat-extract  is  their  food 
and  is  consnmed  by  them.  This  is  a  ready  explanation  of  their 
excessive  growth  on  the  stones  of  the  loch.  The  want  of  such 
food  equally  explains  the  comparative  absence  of  them  from  the 
stony  banks  of  Loch  Lomond,  and  tbe  atony  channele  of  all  the 
streams  of  the  adjacent  mica-slate  district.*  Indeed,  in  the 
opposite  circumstance— in  some  mountain  tarns  of  the  district, 
resting,  as  they  may,  on  peat,  and  eutrounded  by  it — tbe  slippery, 
dark  green,  atony  bottom  is  no  uncommon  occurrence. 

If  these  views  be  correct,  it  is  easy  to  appreciate  both  the  un- 
favourable significance  in  a  lake  of  a  dark-gieen  bottom  of  stones, 
densely  covered  with  confervte  and  diatoms,  and  likewise  their 
value  in  a  running  stream ;  and  it  may  be  well  also  not  to.  let  the 
im^;inatioD  run  away  Inxnriating  in  every  "silver  strand"  that 
meets  the  eye. 

The  Temperature  of  the  Deep  Fresh-water  Lakes  of  this  country 
has  no  connection  with  tbe  preceding  inquiries,  further  than  that 
my  observations  on  the  subject  aione  incidentally  while  I  was 
carrying  on  the  inquiries  in  question.  The  results  I  have  obtained 
may  interest  the  cultivator  of  physical  geography,  if  I  am  right 

*  It  hM  been  said  that  atone*  covered  with  green  caoferTs  and  otber 
diatoms  do  occur  in  Locb-Lomond.  They  do  in  bays  and  other  Bhatlows : 
but  tbe  covering  ia  ver;  thin  ;  and  the  line  of  Buch  Btonee  is  nairoir.  Where 
deep  water  1b  Qoar  there  ore  none  at  the  edge,  and  where  they  do  occnr  tbe 
dry  Btones  close  to  the  edge  appear  qnite  clean. 
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in  auppoBing  that  no  prior  observatiooB  of  the  kind  hftve  been 
made  on  oui  deep  freah  watera.     [See,  however,  p.  674.] 

In  the  course  of  the  diacuaBion  of  the  St  Mary's  Loch  water- 
Bupply  scheme,  oppoaite  opinions  were  expressed  aa  to  the  relative 
advantage  of  drawing  the  water  from  the  BDrface  of  the  l^e,  or 
from  a  considerable  depth;  and  weighty  arguments,  of  a  specula- 
tive  nature,  were  advanced  on  both  aides  of  the  question.  It 
occnrred  to  me,  therefore,  to  consider  what  becomeB  of  the  deep 
water.  Doea  it  escape  aa  that  of  the  surface  must  do  7  And  if  bo, 
How  ?  It  appeared  to  me  that  during  a  winter  of  such  protracted 
cold  as  that  of  1870-71,  the  water  at  the  bottom  would  probably 
acquire  so  low  a  temperature,  that  it  must  long  remain  there.  For 
it  can  only  rise  again,  either  by  its  temperature  falling  below  39°'6, 
when  its  density  decreases  instead  of  continuing  to  increase,  oi  by 
being  heated  by  the  heat  of  the  earth  beneath ;  and  it  is  unlikely 
tkat  the  temperature  of  the  entire  water  of  a  deep  lake  will  fall 
l«wer  thaa  39°'5,  or  indeed  bo  low,  in  tbta  latitude,  and  the  beat 
derived  from  the  earth,  in  our  latitude  at  the  elevation  of  600  feet 
above  the  sea,  must  be  ioconeiderable.  It  is  well  known  that  the 
bottom  cannot  be  heated  by  conduction  from  the  summer  beat  of 
the  atmosphere  above,  as  in  the  case  of  a  solid  subBtance ; 
and  the  effect  of  the  penetration  of  the  sun's  raya,  by  which 
the  water  is  heated  to  a  certain  depth,  canoot  descend  very  low 
in  a  lake,  the  water  of  which  is,  like  that  of  St  Mary's  Loch, 
so  coloured  as  to  render  a  very  white  object  invisible  at  the  depth 
of  8  or  12  feet.  The  conclusion  would  be  that  the  water  at  the 
bottom  of  the  deep  parts  of  the  lake,  in  the  absence  of  strong 
springs — of  tbe  existence  of  which  there  is  neither  proof  nor  pro- 
bability— will  remain  at  the  bottom  for  want  of  a  canent  during 
the  whole  warm  season,  and  perhaps  longer. 

When  I  was  first  at  St  Mary's  Loch  on  12th  and  13th  June,  I 
had  no  suitable  thermometer  for  taking  observation  of  deep  tem- 
peratures. But  Mr  Dewar  kindly  undertook  to  make  the  necessary 
trial  afew  days  later  in  tbe  samemonth.  WitbaSix'sthermometer, 
whose  graduation  was  aubsequestly  tested  and  found  correct,  he  ascer- 
tiuned  that  in  150  feet  soundings,  the  temperature,  being  56  at 
the  surface,  was  46°  at  tbe  bottom.  When  I  revisited  St  Uary'a 
Loch  on  8th  September,  nearly  three  months  afterwards,  the  inter- 
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mediate  weather  having  been  generally  fine,  I  found,  wiUt  the 
same  thermometer,  in  96  feet  of  water,  near  the  head  of  the 
lake,  5G°  at  the  mrface  and  64°  at  the  bottom;  aod  in  141 
feet  of  water,  in  the  middle  of  the  loch,  ezaotly  opposite  the 
17th  mileatoDe  from  Selkirk,  I  obtained  55°  at  the  anrface  and 
47"  at  the  bottom.  During  three  of  the  warmest  months  of  last 
•waxm  seMon,  the  heat  of  the  earth,  or  the  son's  nya,  had  heated 
the  water  at  the  bottom  b;  one  degree  of  Fahrenheit  only.  I  do 
not  well  see  how  that  water  can  ever  rise  from  snch  a  depth,  unless 
its  temperature  during  the  winter  should  fall  below  39°'5,  which 
is  not  probable. 

I  rogiet  I  did  not  take  sncoessive  observations  at  several  depths 
in  order  to  fix  the  npper  limit  of  the  cold  substratum  of  water.  My 
time  was  short,  for  my  main  object  on  that  occasion  was  the  changes 
undergone  by  the  rivei  Tairow,  and  1  contemplated  a  chain  of 
obserrations  in  more  favourable  circamstanoes  at  Looh  Lomond. 
I  went  to  Loch  Lomond  on  four  occasioni  for  the  purpose,  viz.,  on 
September  14th,  September  2lBt,  October  11th  and  12th,  and 
November  18th.  As  accurate  observations  wero  made  only  on  the 
two  last  occasions,  I  shall  refer  to  the  otheia  only  inoidentally. 

On  11th  October,  at  S  p.h^  the  atmospheric  temperature  od  land 
being  48°,  and  that  of  the  surface  water  everywhere  over  deep  sound- 
ingB  52°,  I  found  in  103  fathoms  of  water  opposite  Guineas,  with  a 
Six's  thermometer  by  Casella,  which,  though  not  ^wcially  protected 
^;ainst  high  presenro,  was  believed  to  be  proof  against  such  ptes- 
snies  as  it  was  to  be  subjected  to,  that  a  temperatnie  of  43°  was 
indicated  at  200  feet,  and  41°-8  steadily  at  400,  500,  and  618  feet 
Next  forenoon  at  II,  I  repe^«d  my  ofaeeivations  about  a  mile  lower 
down  opposite  Tarbet  in  87  fathoms.  The  air  was  singnlarly  still, 
the  atmoapheiic  temperature  on  land  44°,  aud  that  of  the  loch  on 
the  surface  52°,  exactly  as  on  the  provions  day.  The  following 
Bucceseive  temperatures  were  obtained  at  various  depths : — 


Surface,  . 

.    62-0 

160  feel 

.    44*6 

26  feet,  . 

,    61»-6 

200    „ 

.    43--0 

60    „     . 

.    60»-2 

300   „ 

.    42^0 

76    „     . 

.    6(r-0 

400   „ 

.    42»-0 

100    „     . 

.    49- 6 

618    „ 

bottom. 

.    41f0 

TOL.  TU. 

4a 
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It  will  be  observed  that  these  temperatures  correspond  almoet 
exactly  with  Bucb  obserrations  of  the  previonB  dajr  as  were  made  a 
mile  and  a  half  further  north  at  the  same  depths,  where  the  sound- 
ings were  618  fathoms.  The  bottom  temperatureB  also  corre- 
sponded with  what  I  hod  obsorred  with  a  different  thermometer 
on  September  21st,  three  weeks  earlier.  Using  a  cistern  with 
proper  valves,  constructed  by  Hr  Adie,  for  bringing  up  96  ounces 
of  water  from  the  bottom,  with  a  simple  thermometer  in  it,  I  found 
that  on  September  21bI,  when  the  surface  temperature  was  Si",  and 
also  on  October  Ilth,  when  it  was  62°,  the  thermometer,  on  the 
instrument  arriving  at  the  surface,  indicated  44°  in  the  "water 
brought  np  from  the  bottom,  both  in  87  and  103  fathoms  of  water. 
As  the  beating  of  the  cistern  in  ascending  must  have  been  very 
nearly  or  altogether  the  same  on  both  occasions,  it  follows  that  the 
corrected  temperature  at  the  bottom,  as  on  11th  October,  was  42° 
OQ  21st  September. 

On  ,18th  November  I  found  it  to  be  also  the  same.  Cold  weather 
had  set  in  for  a  week  before.  The  air  was  frosty,  the  ground  dry 
and  hard,  the  atmosphere  very  clear  and  perfectly  still.  Near  the 
lower  end  of  the  loch,  where  the  highway  first  touches  it,  the  ail 
temperature  was  33°  at  half-past  eleven.  At  Tarhet  at  one  S.M.,  it 
was  on  land,  but  at  the  water's  edge,  37° ;  in  the  boat,  in  the  middle 
of  the  loch,  two  feet  above  its  surface,  42°;  and  in  sorface  water, 
over  610  feet  scundings,  46°.  At  the  bottom,  by  a  Casella's  thermo- 
meter, protected  against  pressure,  and  corresponding  exactly  in  its 
graduation  with  the  unprotected  one  previously  used,  the  bottom 
temperature  was  again  42°.  My  design  to  make  at  the  same  time 
another  complete  series  of  observations,  was  prevented  by  unex- 
pected delays  shortening  my  time  very  much,  so  that  I  had  to  con- 
fine myself  to  a  single  additional  observation,  for  determining  more 
nearly  the  upper  limit  of  the  cold  substratum  of  water.  At  250 
feet  I  obtained  a  temperature  of  42°'25,  and  consequently  the 
upper  limit  of  the  water  at  i2f  must  have  been  as  oeaily  as  poe* 
Bible  at  270  feet  in  610  feet  soundinga. 

Before  drawing  confident  deductions  from  these  ohBervationB, 
they  require  to  be  repeated  at  other  seaeons.  Snt  in  the 
meanwhile  it  may  be  well  to  see  what  are  likely  to  be  the 
results, 
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It  is  plain,  in  the  first  place,  that  in  a  deep  lake  in  this 
latitude,  there  is  a  very  gradual  and  slight  increase  of  cold  in 
tbe  warm  eeason  for  the  first  hundred  feet,  viz.,  b;  2°'5  only, 
then  a  sudden  descent  by  £"'0  in  the  next  50  feet  only;  next 
another  slow  descent  by  2°-5  in  150  feet ;  and  finally,  below 
that  a  great  substratum  of  250  feet  of  water,  and  at  a  deeper 
spot  of  no  less  than  S50  feet,  at  the  nnifonn  temperature  of  42°,  or 
a  little  less.  Next,  at  Loch  Lomond  no  change  took  place  in  the 
temperatore  of  the  bottom  water  during  two  months  of  nnnsnal 
warmth  for  the  months  of  September  and  October,  and  no  change 
at  300  feet  from  the  snrface  daring  five  weeks  prior  to  the  middle 
of  November. 

It  seems  certain  that  the  temperature  of  the  great  substratum 
of  cold  water  cannot  be  raised  after  the  middle  of  November,  when 
the  cold  aeaaon  has  fairly  set  in.  Whether  it  is  to  be  lowered 
during  winter,  or  whether  the  snhBtratum,  without  becoming  colder, 
will  merely  have  its  upper  level  raised,  is  a  qoestiOD  to  he  settled 
by  observation  at  an  early  period  of  next  spring. 

In  the  meanwhile,  abstracting  the  highly  improbable  existence 
of  strong  springs  at  the  great  depths  1  have  mentioned,  it  does  not 
appear  how  this  vast  cold  Buhstratum  could  have  been  moved  dur- 
ing last  summer  and  autumn.  Neither  does  it  appear  how  it  can 
be  moved  during  the  winter,  unless  the  equally  great  stratum  above 
it  acquire  a  lower  temperature  than  42%  and  so  take  its  place ;  for 
the  uniformity  of  the  bottom  temperature  between  21st  September 
and  18th  November,  when  no  additional  cold  could  descend  through 
the  warmer  stratum  above,  is  sufficient  proof  that  the  inflaeuce  of 
the  heat  of  the  earth  beneath  is  too  feeble  in  this  latitude  to  make 
itself  sensibly  felt  by  motion  of  the  water. 

Thus  there  is  a  probability,  that  when  water  once  descends  to  bo 
great  a  depth  as  the  bottom  of  our  deep  lakes,  it  cannot  ascend 
^ain  except  under  rare  and  eltraordinary  circumstances.  If  this 
view  be  correct,  the  movement  of  the  waters  of  a  deep  lake  towards 
its  outlet  for  escape,  must  be  confined  very  much  to  the  warm 
water  at  its  surface,  or  to  no  great  depth,  and,  therefore,  mainly  to 
the  waters  which  are  constantly  supplied  on  all  sides  hyits  feeding 
streams.  This  must  be  the  case  in  summer  and  in  autumn ;  it  may 
be  the  case  in  winter  also 
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[Xay  18, 1872. — CiicimiBtauoea  having  delayed  the  publioation 
of  the  Society's  FroceediiigH,  !  take  this  opportnnity  of  adding  the 
reeolt  of  recent  and  ooDcIuaive  obseTvatioDS.  These  were  made  on 
lOtb  April  and  6th  May,  as  near  as  I  could  to  the  place  of  the 
obBeivatioDS  deecribed  above. 

April  10. — The  weather  on  this  occoeios  was  very  fine  and 
favourable  for  my  purpose.  Daring  the  whole  winter  period  after 
November  18th,  the  date  of  the  last  obseryations,  the  weather 
had  been  remarkably  open.  The  mean  temperature  of  the  atmo- 
sphere for  the  five  iDterveniDg  months,  as  kindly  calculated  for  me 
by  Mr  Bnchan,  Secretary  of  the  Meteorological  Society,  ttom 
obseivationa  at  Balloch  Castle,  at  the  southern  end  of  the  loch, 
was  l'^  higher  thau  the  average  for  the  same  mostba  for  tbirteeo 
previous  years.*  GanBeqnently,  the  same  influence  of  the  winter 
season  on  the  temperature  of  deep  waters  cannot  he  expected  as  in 
ordinary  winters,  or  in  a  bard  winter,  snch  as  the  preceding  one  of 
1870-71. 

When  I  made  my  observations,  about  3  fji.  on  10th  April,  the 
temperature  of  the  air  on  land  was  55° ;  and  on  the  water,  one  mUe 
fVom  the  shore  whence  the  wind  blew,  it  was  53'  in  the  boat, 
scarcely  2  feet  above  the  surface  of  the  lake.  The  following  tem- 
peratnrea  were  obtained,  at  various  depths  in  the  same  place : — 


Surface, 
50  feet, . 
76    „ 

100     ,, 


42''-6 


42''2 


150  feet,    .  42''1 

200    „      .        .        42°0 
594    „    bottom,        42''-0 


These  obserrationB  were  made  with  Gasella's  protected  thermo- 
meter. The  thermometer  in  Adie's  cistern,  for  bringing  np  water 
from  the  bottom,  also  stood  at  42°  when  brought  np  to  the  surface, 
the  temperature  of  the  upper  warmer  stratum  being  much  too  low 
to  affect  the  cist«m  in  its  passage. 

Mat/  6. — Between  lOtb  April  and  this  date  the  weather  varied 

*  Id  tbe  ooune  of  hli  oalaolBtioiiB  Mr  Budian  anived  at  Ihs  InterMtiiif 
fact  that  the  avMsge  mean  tempentare  of  the  ait  doriag  the  lix  cold 
months  of  these  jeut,  at  the  leveJ  of  the  Iske'i  Bnifaoe,  wu  41°-7  from  Ho- 
vembeT  IH  to  April  10,  or  rery  nearly  that  of  the  deep  Bnbatntum. — Bu  nfr- 
t^quenlly,  for  Au  ablTvalioiu,  tiu  later  Protmiaigt  of  Mi  Sodtty. 
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as  to  mimtb;  but  there  was  a  laige  pnqxntion  of  Bmuhine,  and 
little  nuD,  till  tbiee  days  before,  when  there  was  a  heavy  fall 
with  an  easterly  wind.  The  temperature  on  laad,  within  fifty 
yarde  of  the  water,  was  55°.  The  following  obaeirations  were 
made  at  2  f.h.  :— 


Surface,    . 

.        «*-6 

ISO  teet. 

42°-7 

SSfset,    . 

.        «--7 

175    „ 

42*-6 

60    ;     . 

.        4S--5 

200    „ 

42*-6 

75    „      . 

.        M--2 

250    „ 

.        42'-4 

100    „      . 

.     la-i 

300    „ 

.        42--1 

126    „      . 

42'-8 

674    „ 

42-1 

Ilie  thermometer  in  Adie's  cistern,  when  brought  up  full  of 
water  &om  the  bottom,  but  nised  nther  deliberately,  stood  at  42°-5. 

It  appeare,  from  these  and  the  preceding  obeerrations,  that  in 
the  deep  parts  of  Loch  Lomond  there  is  a  substratum  of  water  of 
several  hundred  feet,  which,  between  the  end  of  September  last 
and  10th  April,  has  been  steadily  of  the  temperature  of  42' ;  and 
that  during  last  winter  no  other  change  has  taken  place,  in  relation 
to  temperature  in  or  near  it,  than  that  the  level  of  the  cold  sub- 
stratum  rose  in  the  interval  between  70  and  100  feet.  A  winter, 
materially  colder  than  the  last  unusually  mild  one,  would  at  least 
raise  tbat  level  still  nearer  the  surface.  Whether  it  may  reduce 
the  temperature  still  lower  than  42°,  is  a  question  wbicli  remains 
to  be  decided  by  future  observation.  It  is  still  also  a  matter  for 
observation,  whether  the  temperature  of  (be  Bubatrstum  may  not 
rise  a  little  during  summer.  For  it  may  be  reasonably  said,  that 
the  unusually  bard  winter  of  1870-71  might  have  lowered  the  tem- 
perature of  the  subetiatum  in  April  of  last  year  below  that  observed 
in  April  of  this  year  after  a  very  open  winter,  and,  consequently, 
under  12",  which  was  the  temperature  observed  in  October.  But  the 
difference,  if  any,  cannot  be  considerable ;  for  it  can  only  arise  from 
the  beating  power  of  the  earth  on  which  the  water  rests. 

The  water  of  a  lake  is  heated  in  summer  and  autumn  in  three 
ways— the  beat  of  the  atmosphere,  that  of  the  sun's  rays,  and  that 
of  the  earth.  The  atmosphere  will  communicate  its  heat  to  so 
much  of  the  superstratum  only  as  is  disturbed,  more  or  less,  by  the 
wind ;  and,  therefore,  cannot  penetrate  many  feet.    The  tempera* 
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ture  of  the  earth  at  the  bottom,  from  500  to  600  feet  under  the  sea- 
level,  shotild  be  hy  theory  about  60°  id  the  deepest  parts ;  bnt,  con- 
sidering the  very  low  conducting  power  of  the  rocky  Btnictnre  of  the 
earth,  its  lieating  power  over  bo  vast  a  bed  of  cold  water  most  be 
very  feeble.  The  san's  rays  are  at  once  the  most  eneigstic  heating 
power,  that  which  penetrates  deepest,  aod  that  which  alooe  can 
sensibly  heat  any  part  of  the  superstratum  of  water  underneath 
the  thin  bed  near  the  surface,  where  it  is  aided  by  the.  warmth  of 
the  atmosphere,  and  the  stirring  of  the  water  by  the  wind.  But 
there  is  a  limit  to  the  sun's  penetration  in  aach  depths,  when  the 
water,  as  in  the  case  of  Loch  Lomond,  is  coloured,  however  slightly. 
It  has  been  imagined  that  the  presence  of  springe  at  the  bottom 
may  be  a  fourth  source  of  inflnenoe  orer  the  temperature.  If  there 
be  any  springs  there,  the  effect  must  be  to  beat  the.wat«r.  Bnt,  as 
there  are  no  springs  in  Scotland  which  rise  above  the  surface,  or  pre- 
sent other  proofs  of  owing  their  place  to  unusual  sources  of  pressure, 
it  seems  most  improbable  that  any  are  bo  couBtituted  as  to  overoome 
the  presBore  which  exists  at  the  bottom  of  a  very  deep  lake. 

Every  known  consideration, — ^the  great  thickness  of  the  cold 
Bubstratnm,  its  steady  low  temperature,  and  ita  greater  colour  than 
at  the  enrfoce — contributes  proof  that  this  substratum  oan  undergo 
little  or  no  movement,  unless  an  unusually  hard  winter  should  dis- 
place it  by  colder  water  from  above.*]    - 

The  previous  observations  have  extended  to  so  great  a  length 
that  I  must  postpone  till  another  opportunity  the  remarks  which  I 
have  prepared  on  the  third  of  my  promised  topics — the  Action  of 
Water  on  Lead. 

The  following  Oeatjemen  were  elected  Fellowa  of  the 
Society: — 

Albx«ndxb  H.  Lbb,  Esq.,  O.B. 

BOBBKT  Lbb,  Esq.,  AdTOcate. 

John  Ahdebbok,  LL.D. 
'  While  the  preceding  Btateme&ta  wero  pMsing  tbrongh  the  prees,  mj 
attention  was  called  to  BimiUr  obwrvatioiw  hi  Sir  Jolin  Leslie's  artide  on 
Climate  in  tbe  "  Eno^olt^ndia  Britanaica,"  hj  Banaaan  on  the  lAkm  of 
Geneva,  Than,  and  Lnceme,  and  b;  the  late  eminent  eogineer,  Mr  Jamee 
Jardine,  on  Loch  Lomond  and  Looh  Katrioe  in  IBli.  Their  obHrvBtioni 
are  not  entirelj  concordant  with  those  given  ahore.  I  contemplate  fiirther 
qbaerratione  whi^  may  reconcile  them. 
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Monday,  18th  December  1871. 
Sir  ROBEItT  CHRISTISON,  Bart.,  President,  in  the  Chair. 
The  following  Commonicatione  were  read : — 

1.  On  the  Computation  of  the  Strengths  of  the  Farts  of 
Skeleton  or  Open  Structures.    By  Edward  Sang. 

The  first  part  of  the  paper  is  devoted  to  the  computation  of  the 
fltrengths  of  the  ports  of  a  structure  destined  to  resist  given 
strains,  taking  into  account,  along  with  those  strains,  the  unknown  . 
weights  of  the  parte.  The  rraults  obtained  by  this  process  iieces- 
saril;  give  the  beet  possible  arrangement  of  the  strengths,  eince,  if 
any  one  part  were  made  weaker,  the  whole  structore  would  be 
weakened;  or,  if  a  part  were  made  stronger,  the  unnecessary 
weight  thus  thrown  upon  the  other  parts  would  also  go  to  weaken 
the  fabric.  It  is  believed  that  this  investigation  has  now  been 
given  for  the  first  time. 

It  was  pointed  out  that  this  method  enables  us  to  determine  the 
utmost  limit  of  magnitude  of  a  struct nre  having  a  given  general 
con  figa  ration. 

The  second  part  concerned  deficient  or  flexible  structures;  the 
mode  of  discovering  the  relations  among  the  applied  pressures, 
needed  to  cause  the  etmctnie  to  assume  a  prescribed  form,  was 
indicated. 

Thirdly,  the  case  of  redundant  structures  was  gone  into.  It 
was  observed  that  the  absolute  strains  on  the  parts  of  such  st^ruc- 
tures  depend,  not  merely  on  their  form,  but  also  on  the  manner  of 
putting  them  together.  The  changes  on  these  strains  caused  by 
additional  loads  can,  however,  be  computed  by  considering  the 
compressions  or  distensions  of  the  parts;  and  it  was  pointed  out 
that  the  computation  of  these  changes  has  been  mistaken  for  that 
of  the  absalnte  strains. 

Lastly,  there  was  investigated  a  new  general  theorem,  which 
may  be  stated  as  follows : — 

When  we  apply  a  pressure  to  some  point  of  a  flexible  system, 
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the  yielding  is  not  neoeasarilj  in  the  direction  of  the  preMmre. 
There  is,  however,  always  one  direction  of  coincidence,  and  there 
may  be  three.  When  there  ore  three,  if  two  of  these  form  a  right 
angle,  the  third  is  also  perpendicular  to  both  of  them. 

2.  Ou  Vortex  Motion.  B;  Frofeasor  Sir  WiUiam  Thomson. 
(Ahatract?) 

This  paper  is  a  eeqnel  to  several  communication  b  which  hftve 
already  appeared  in  the  Proceedings  and  Tranaactione  of  the  Boyal 
Society  of  Edinburgh.*  It  commenceB  with  an  inveBtigation  of 
the  circnmstances  nndei  which  a  portion  of  an  incompreBsible  frio- 
tionlesa  liqaid,  supposed  to  extend  throngh  all  apace,  or  throngh 
space  wholly  or  partially  bouniled  hy  a  rigid  solid,  can  be  projected 
so  as  to  coDtinne  to  move  through  the  snrrounding  liquid  with- 
out change  of  shape;  and  goes  on  to  investigate  vibrations  exe- 
cuted by  a  portion  of  liquid  so  projected,  and  slightly  disturbed 
from  the  condition  that  gives  uniformity.  The  greatest  and  least 
quantities  of  energy  which  a  finite  liquid  mass  of  any  given  initial 
shape  and  any  given  initial  motion  can  possess,  after  any  varia- 
tions of  its  bounding  surface  ending  in  the  initial  shape,  are  next 
investigated ;  and  the  theory  of  the  dissipation  of  eneig;  in  a 
finite  or  infinite  frictionlesa  liquid  is  deduced.  A  finit«  space,  filled 
with  incompressible  liquid,  traversed  by  a  great  multitude  of  parts 
of  itself,  each  very  small  in  comparison  with  the  average  distance 
of  any  one  of  the  parts  from  its  nearest  neighbour,  is  next  con- 
sidered, and  thus  a  kinetic  theory  of  gases,  without  the  assump- 
tion of  elastic  atoms,  is  sketched;  also  a  realisation  by  vortex 
atoms  of  Le  Sage's  "  gravifio  "  fluid  consisting  of  an  innumerable 
multitude  of ''  ultramundane  corpnscles." 

Towards  the  vortex  theory  of  the  elaisticity  of  liquids  and  solids, 
the  propagation  of  waves  along  a  row  of  vortex  columns  alternately 
positive  and  negative,  in  a  liquid  contained  between  two  rigid 
parallel  planes,  close  enough  to  give  stability  to  the  row  of  columns, 
is  next  investigated. 

In  conclnsion,  it  is  pointed  out  that  the  difflcultiea  of  forming  ft 
complete  theory  of  the  elasticity  of  gases,  liquids,  and  solids,  with 

*  Vortez  Atomi.     Procsadlngi,  Febrasry  IBST  ;  TrumotioDB,  1868-1860. 
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no  othar  tiltimate  pTopertiea  of  matter  than  perTect  flnWity  and  in- 
compressibility  are  noticed,  and  shown  to  be,  in  all  probability, 
only  dependent  on  the  veakneaa  of  mathematicB. 

3.  On  the  TJltramundane  Corpuscules  of  Le  Sage.  ■ 
By  ProfeBsor  Sir  W.  ThomBon. 

(Ahttract.) 

Le  S^^e,  bom  at  Geneva  in  1724,  devoted  the  last  sixty-three 
years  of  a  life  of  eighty  to  the  inveBtigation  of  a  mechanical  theory 
of  gravitation.  The  probable  esistence  of  a  grarific  mechanism  is 
admitted  and  the  ittiportance  of  the  object  to  which  Le  Sage 
devoted  his  life  pointed  out,  by  Newton  and  Bnmfoid*  in  the 
following  statements  :— 

"  It  is  inconceivable  that  inanimate  bnite  matter  should,  without 
"  the  mediation  of  something  else,  which  is  not  material,  operate 
"  npon,  and  affect  other  matter  without  mutual  contact ;  as  it  must 
"  do,  if  gravitation,  in  the  sense  of  Epieutat,  be  essential  and 
"  inherent  in  it.  And  this  is  the  reason  why  I  desired  you  would 
"  not  aeoribe  innate  gravity  to  me.  That  gravity  shonid  be  innate, 
"  inherent,  and  essential  to  matter,  so  that  one  body  may  act  npon 
"  another  at  a  distance  through  a  vacuum,  withont  the  mediation 
"  of  anything  else,  by  and  through  which  their  action  and  force 
"  may  be  conveyed  from  one  to  another,  is  to  me  so  great  an 
"  absurdity,  that  I  believe  no  man  who  has  in  philosophical 
"  matters  a  competent  faculty  of  thinking,  can  ever  fall  into  it. 

*  On  the  other  hand,  by  the  middle  of  lost  oentnrf  the  mathemBiticftl 
natnraJista  of  the  ContiEeut,  after  half  a  centnr;  of  reBiatanoe  to  the  Newtonian 
ptJnciplefl  [which,  both  by  them  and  by  the  English  folloven  of  Newton,  were 
commonly  ■nppoaed  to  mean  the  recognition  of  gravity  ai  a  force  acting 
■imid;  at  a  distance  without  mediatiou  of  intervening  matter),  had  begun  to 
become  more  "Newtoniaa"  than  Newton  himself.  On  the  41h  Febrnary 
1744,  Daniel  Bernoulli  wrote  at  follows  to  Enler,  "  Uebrigens  glaube  ioh, 
"  daas  d«T  Aether  wwohl  frava  (wmo  Klem,  all  die  Luft  veraiu  terram 
"  sey,  nnd  kann  Ihnen  nicht  bergen,  dase  ich  iiber  diese  Puncte  eio  vijlliger 
"  Newtonianer  bin,  nnd  verwandera  ich  mich,  dass  Sie  den  Principlia 
"  Gartedanii  bo  lang  adbariran  ;  m  mSchte  wohl  efniga  Faasion  vlelleicht 
"  mit  nnterlanfen.  Hat  Gott  bSnnen  eine  animani,  deren  Natnr  nns  anbe- 
"  grefflichiat.ersehaffen,  sohat  eranchkonneneineattractionemunivenalem 
"  materue  imprimiren,  wenn  gleich  solche  attractio  tupra  a^tura  ist,  da 
"  hingegea  die  Frincipla  Cartesiana  allxeit  eonlra  a^lum  etwas  invotviren." 

VOL.  VII.  i  H 
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''  Grravitj:  mast  be  cansed  hj  an  agent  acting  oouatantly  accoid- 
"  ing  to  certaiQ  Ieiwb;  but  vbetber  this  agent  be  material  or 
"  immaterial,  I  bave  left  to  the  consideration  of  my  readers." — 
Newton's  Third  Letter  to  BejUtej/,  FeSmiary  25th,  1692-3. 

"Nobody  Barely,  in  bis  sober  senses,  has  ever  pretended  to 
"  understand  the  meobanism  of  gravitation ;  and  yet  what  sublime 
"  disooveriea  was  out  immortal  Newton  enabled  to  makei  merely 
"  by  the  investigation  of  tb&  laws  of  its  action."  * 

Le  Sage  expounds  his  theory  of  gravitation,  so  far  as  he  had 
advanced  it  up  to  tbe  year  1782,  in  a  paper  published  in  the  Tran- 
sactions of  tbe  Royal  Berlin  Academy  for  that  year,  nndei  the 
title  "Lucr^e  Newtonien."  His  opening  paragraph,  entitled, 
"  Bat  de  ce  mfimoire,"  is  as  follows : — 

"  Je  me  propose  de  faiie  voir :  que  si  les  premiers  EpicniienB 
"  avoient  en ;  sur  la  Cosmographie  des  id^es  anssi  saines  seule- 
"  ment,  que  plusieurs  de  leuis  contemporains,  qn'ils  nSgligeoient 
"  d'Sconter;  f  et  but  la  G4omStrie,  nue  partie  des  conDoissaDoet 
"  qui  Stoieut  ddj&  communes  aloTs:  ils  auroient,  tree  prohablement, 
"  dgcoavert  aans  effort;  les  Loiz  de  la  G-raviti  univerBelle,  et  sa 
"  Cause  m&:anique.  Loice;  dont  I'invention  et  la  ddmouBtratioii, 
"  font  la  plus  grande  gloire  do  plus  puiBsaut  g§nie  qui  ait  jamaii 
"  exists :  et  Cante,  qui  apr^s  avoir  fait  pendant  longtems,  I'ambition 
"  des  plus  grands  Fhysioiens;  fait  il  piSeent,  le  dSsespoir  de  leuts 
"  Buoeeseurs.  De  sorte  que,  par  exemple,  lee  fameuses  Bigles  de 
"  Kepler  ;  tronvSea  il  y  a  moine  de  deux  siecles,  en  partie  but  des 
"  conjectures  gratuites,  et  en  partie  aprSs  d'immenses  tStonnemens; 
"  n'anroient  4tS  que  dee  coiollaires  porticuliers  et  in§vitablea,  des 
"  lumi&rea  gSnSrales  que  cea  anciens  Philosophes  pouvoient  puiser 
"  (corome  en  se  jouaut)  dans  le  m6cbanisme  propremeut  dit  de 
"  la  Nature.  ConcIusioQ;  qu'on  peut  appliquer  exactement  ausei, 
"  aux  Loix  de  Qalilie  sur  la  chfite  des  Craves  sublun aires ;  dont 
"  la  d£cauveite  a  H&  plus  tardive  encore,  et  plus  contestSe :  joint 
"  it  ce  que,  les  experiences  ear  lesquellee  cette  dficouverte  6toit 
"  stabile;  laissoient  dans  lours rSsultats (n£ceseaiiement  grossierB), 

■  An  Inquiry  concerning  the  Bontco  of  the  Heat  wKich  ia  excited  bj  Fric- 
tion.    B7  Count  Ramfoid. — FhUotcphkat  TrantaelionM,  17SS. 

T  Vobig  (Epicareis)  taiaiii  notum  eat,  quemadtDodam  qnldqos  dicatnr. 
Veatra  enlm  aoliln]  legitia,  Testra  unatis;  oterof,  cansS  IncoguIU,  odd- 
demnatia.    Cioiron,  Be  natnra  Dtonun,  ii.  29. 
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"  une  latitude,  que  les  rendoJt  dgalemeut  oompatibles  avec  plnaieurs 
"  antrea  hypoth^eee ;  qn'aussi,  Ton  ue  mauqtia  paa  de  lui  oppoeer : 
"  an  lien  que,  les  Donegquences  du  ohoo  des  Atatna;  auroient  6i6 
"  absolumeut  nnivoques  en  favenr  du  seul  priucipe  vSritable  (dea 
"  Acc£16TatioDB  Sgales  en  Tempuacules  dgaus)." 

If  Le  Sage  had  but  excepted  Kepler's  tbiid  law,  it  muat  be  ad- 
mitted that  his  case,  ae  etated  above,  would  have  been  thoioughly 
eetabluhed  b]r  the  argumenta  of  his  "memoire;"  for  the  epioureaD 
asBDmptioD  of  parallelism  adopted  to  suit  the  false  idea  of  the  earth 
being  flat,  pisTented  the  discovery  of  the  law  of  the  inveree  square 
of  the  distance,  which  the  raathematlciauB  of  that  day  vere  quite 
competent  to  make,  if  the  hypothesis  of  atoms  moving  in  all 
directions  through  space,  and  rarely  coming  into  colhaion  with  one 
another,  had  been  set  before  them,  with  the  problem  of  detennin- 
ing  the  force  with  which  the  impacts  would  press  together  two 
spherical  bodies,  such  as  the  earth  and  moon  were  held  to  be  by 
some  of  the  contemporary  philoaophera  to  whom  the  epicuieant 
"  would  not  listen."  But  nothing  less  than  direct  observation,  prov- 
ing Kepler's  third  law, — Gralileo'a  experiment  on  bodies  falling  from 
the  tower  of  Pisa,  Boyle's  guinea  and  feather  experiment,  and 
Newton's  experiment  of  the  vibrations  of  pendaluma  composed  of 
diflerent  kinds  of  substance — could  give  either  the  idea  that  gravity 
ia  proportional  to  mass,  or  prove  that  it  is  so  to  a  high  d^^ee  of 
aocuracy  for  large  bodies  and  small  bodies,  and  for  bodies  of  dif- 
ferent kinds  of  Bubatance.  le  Sage  sums  up  hia  theory  in  an  ap- 
pendix b]  the  "  Lncrtee  Newtonien,"  part  of  which  translated 
(literally,  except  a  few  sentences  which  I  have  paraphrased)  is  as 
follows : — 

Conatitution  of  Heavy  Bodiet. 

lit,  Their  indivisible  particles  are  cages;  for  example,  empty 
cubes  or  octahedronsvacant  of  matter  except  along  the  twelve  edges. 

id,  The  diameters  of  the  bars  of  these  cages,  supposed  increased 
each  by  an  amoaut  equal  to  the  diameter  of  one  of  the  gravifio 
corpuscles,  are  ao  small  relatively  to  the  mutual  distance  of  the 
parallel  bara  of  each  cage,  that  the  terrestrial  globe  does  not  inter- 
cept even  so  much  ae  a  ten- thousandth  part  of  the  corpusculei 
which  offer  to  traverse  it. 
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Sd,  These  diameters  are  all  equal,  or  if  they  are  anequal,  their 
iDeqnalitieB  sensibly  oompeoeate  one  another  [in  aveTOgea]. 

C(nutitution  of  Oravifie  CorpUKidei. 

1«{,  Conformably  to  the  eeoond  of  the  preceding  anppositione, 
their  diameters  added  to  that  of  the  bars  is  so  small  relatively  to 
the  mutual  distsnoe  of  parallel  bars  of  one  of  the  cages,  that  th« 
weights  of  the  celestial  bodies  do  not  differ  sensibly  from  being 
in  proportion  to  theii  masses. 

2d,  They  are  isolated.  So  that  their  progressive  movements  ars 
necessarily  rectilinear. 

Sd,  Tliey  are  so  sparsely  distributed,  that  is  to  say,  their  dia- 
meters are  so  small  relatively  to  their  mean  mutual  distances,  that 
not  more  than  one  out  of  every  hnndied  of  them  meets  another 
corpuBcuIe  during  several  thousands  of  years.  So  that  the  unifor- 
mity of  their  movements  is  scarcely  ever  troubled  sensibly. 

Hh,  They  move  along  several  hundred  thousand  millions  of 
different  directions ;  in  counting  for  one  same  direction  all  those 
which  are  [within  a  definite  very  small  angle  of  being]  parallel  to 
one  straight  line.  The  distribution  of  these  straight  lines  is  to  be 
conceived  by  imagining  as  many  points  as  one  wishes  to  consider 
of  different  direotions,  scattered  over  a  globe  as  uniformly  as  pos- 
sible, and  therefore  separated  IVom  one  another  by  at  least  a  second 
of  an^e ;  and  then  Imagining  a  radius  of  the  globe  drawn  to 
each  of  those  points. 

6th,  Parallel,  then,  to  each  of  those  directions,  let  a  current  or 
torrent  of  corpuscules  move ;  but,  not  to  give  the  stieam  a  greater 
breadth  than  is  necessary,  consider  the  transverse  section,  of  this 
current  to  have  the  same  boundary  as  the  orthogonal  projection  of 
the  visible  world  on  the  plane  of  the  section. 

6A,  The  different  parte  of  one  snch  current  are  sensibly  equi- 
dense ;  whether  we  compare,  among  one  another,  collateral  portions 
of  sensible  transverse  dimensions,  or  sncceMivs  portions  of  sach 
lengths  that  their  times  of  passage  across  a  given  surface  are 
seneifale.  And  the  same  is  to  be  said  of  the  different  currents  com- 
pared with  one  another. 

7(&,  The  mean  velocities,  defined  in  the  same  manner  as  I  have 
just  defined  the  deosities,  are  also  sensibly  equal. 
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8th,  The  ratios  of  these  velooitieB  to  ttioee  of  the  planeta  a» 
aeveral  millioQ  times  greatoi  than  the  ratios  of  the  gravities  of  the 
plaoets  towards  the  bud,  to  the  greatest  resistance  which  secular 
obBervatioDB  allow  us  to  suppose  the;  experience.  For  example, 
[these  yelocities  must  be]  some  handredfold  a  greater  number  of 
times  the  velocity  of  the  earth,  than  the  ratio  of  190,000*  times 
the  gravity  of  the  earth  towards  the  sun,  to  the  greatest  resistance 
which  secular  observations  of  the  length  of  the  year  permit  us  to 
suppose  that  the  earth  experiences  from  the  celestial  masses. 

CONCEPTION,  vAieh  faeiliiatet  the  Application  of  Mathematiet  to 

determine  the  mutual  Infiuenee  of  these  Seavj/  Bodies  and  the$e 

Corpweiilei. 

let,  DecompOHB  all  heavy  bodies  into  molecules  of  equal  mass,  so 
small  that  they  may  be  treated  as  attractive  points  in  respect  to 
theoiies  in  which  gravity  is  ccnsidered  without  reference  to  its 
cause ;  that  is  to  say,  each  must  be  so  small  that  inequalities  of 
distance  and  difTerences  of  direction  between  its  particles  and  those 
of  another  molecule,  conceived  as  attracting  it  and  being  attracted 
by  it,  may  be  neglected.  For  example,  suppose  the  diameter  of 
the  molecule  considered  to  be  a  hundred  thousand  times  smaller 
than  the  distance  between  two  bodies  of  which  the  mutual  gravita- 
tion  is  examined,  which  would  make  its  apparent  semi-diameter, 
as  seen  from  the  other  body,  about  one  second  of  angle. 

2d,  For  the  surfaces  of  such  a  molecule,  acceseihle  but  imper- 
meable to  the  gravifio  fluid,  substitute  one  single  spherical  surface 
equal  to  their  sum. 

3d,  Divide  those  surfaces  into  facets  small  enough  to  allow  them 
to  be  treated  as  planes,  without  sensible  error,  [&c.,  &c.'i 

Bemarlu. 

It  is  not  necessary  to  be  very  skilful  to  deduce  from  these 

suppositions  all  the- laws  of  gravity,  both  sublunary  and  universal 

(and  consequently  also  those  of  Eepler,  &c.)i  with  all  the  accuracy 

which  observed  phenomena  have  proved  those  laws.     Those  laws, 

*  To  render  the  sentence  mote  eaiil;  read,  I  have  mbatituted  tJiie  number 
in  place  of  the  followiiig  woida : — "  le  Dombre  de  foi*  qns  le  flrmament  con- 
tient  le  digqne  eppuent  du  •oleil." 

VOL.  Vll.  4_J 
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therefore,  are  iae¥itable  conseqQenceB  of  the  enppoBed  cotuti- 
tationB. 

2d,  Although  I  here  piaeent  these  constitutions  crudel;  and 
without  proof,  m  if  they  were  gratuitous  hypotheses  and  hazarded 
fictions,  equitable  readeia  will  underBtand  that  on  my  own  part  I 
have  at  least  some  preaumptions  in  their  favour  (indepeodeat  of 
theii  perfect  agreement  with  eo  many  phenomena),  but  that  the 
development  of  my  reasons  would  be  too  long  to  find  a  place  in  the 
present  statement,  which  may  be  regarded  as  a  publication  of 
theorems  without  their  demonstrations. 

Sd, There  are  details  upon  which  I  have  wished  to  enter 

<ai  account  of  the  novelty  of  the  doctrine,  and  which  will  readily 
be  supplied  by  those  who  study  it  in  a  favourable  and  attentive 
spirit.  If  the  authors  who  write  on  hydro-dynamics,  aerostatics, 
or  optics,  had  to  deal  with  captions  readers,  doubting  the  very  exist- 
ence of  water,  or  aii,  or  light,  and  therefore  not  adapting  them- 
selves to  any  tacit  aupposition  regarding  equivaleDcies  oi  com- 
pensations not  expressly  mentioned  in  their  treatises,  they  would 
be  obliged  to  load  their  definitions  with  a  vast  number  of  apecifi- 
cations  which  instructed  or  indulgent  readers  do  not  require  of 
them.  One  underetands  "a  demi-ntot"  and  "sano  lettaa"  only 
familiar  propositions  to'f&rde  which  one  is  already  favourably 
inclined. 

Some  of  the  details  referred  to  in  this  concluding  sentence  of 
the  appendix  to  his  "  Lucr^  Newtonlen,"  Le  Sage  diecussea  fully 
in  his  "  Ttaite  de  Physique  Mecanique,"  edited  by  Pierre  PrSvost, 
and  published  in  1818  (Geneva  and  Fans). 

This  treatise  ie  divided  into  four  books. 

I.  "  Eixposition  sommaire  du  eyeteme  dee  corpusculee  ultra- 
mondaina." 

II.  "  Discussion  des  objections  qui  penvent  e'Slevei  centre  le 
"  syst^me  des  corpusculee  nltramondains." 

III.  "  Des  fiuides  Slastiques  ou  expansifs." 

IV.  "  Application  des  thteries  pr&:6dentes  a  certaines  affinitee." 
It  is  in  the  first  two  books  that  gravity  is  explained  by  the  im- 
pulse of  ultramuudane  oorpuscules,  and  I  have  no  remarks  at  pre- 
sent to  make  on  the  third  and  fourth  books. 
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From  Le  Sage's  fuDdamentol  ssgumptions,  ^ven  kbore  u  nearlj' 
as  may  be  in  his  owd  words,  it  is,  as  lie  says  himself,  easy  to  deduce 
the  law  of  the  iDverse  square  of  the  distance,  ^d  the  law  of  pro- 
portionality of  gravity  to  maw  The  object  of  the  preeent  note  is 
not  to  give  on  ezpoeitioD  of  Le  Sage's  theory,  which  is  gnScteutly 
set  forth  in  the  preceding  extracts,  and  disonesed  in  detail  in  the 
first  two  books  of  bis  poetbnmons  treatise.  I  may  merely  say  that 
inasmnch  as  the  law  of  the  inverse  square  of  the  distance,  for  every 
distance,  however  great,  would  be  a  perfectly  obvious  consequence 
of  the  assumptions,  were  the  gravifio  oorpusoules  infinitely  small,  and 
therefore  incapable  of  coming  into  collision  with  one  another,  it 
may  be  extended  to  as  great  distances  as  we  please,  by  giving 
small  enough  dimensions  to  the  corpnscnles  relatively  to  the  mean 
distance  of  each  from  its  nearest  neighbour.  The  law  of  masses 
may  be  extended  to  as  great  masBea  as  those  for  which  observation 
proves  it  (for  example  the  mass  of  Jupiter),  by  making  the 
diameters  of  the  bars  of  the  supposed  cage-atoms  constituting  heavy 
bodies,  small  enough.  Thus,  for  example,  there  is  nothing  to  pre- 
vent ns  from  supposing  that  not  more  than  one  straight  lino  of  a' 
million  drawn  at  random  towards  Jupiter  and  continued  through 
it,  should  tonch  one  of  the  bare.  Lastly,  as  Le  Sage  proves,  tha 
lesistauce  of  his  gravific  fluid  to  the  motion  of  one  of  the  planets 
through  it,  is  proportional  to  the  product  of  the  velocity  of  the 
planet  into  the  average  velocity  of  the  gravifio  corpuscules ;  and 
hence  by  making  the  velocities  of  the  corpuscules  groat  enough, 
and  giving  them  suitably  small  masseB,  tbey  may  produce  the' 
actual  forces  of  gravitation,  and  not  more  than  the  amount  of 
resistance  which  observation  allows  us  to  suppose  that  the  planets 
experience.  It  will  be  a  very  intorasting  subject  to  examine 
minutely  Le  Sage's  details  on  these  points,  and  to  judge  whether 
or  not  the  additional  knowledge  gained  by  observation  since  his 
time  requires  any  modification  to  be  mode  in  the  estimate  which  he 
has  given  of  the  possible  degrees  of  permeability  of  the  sun  and 
planets,  of  the  poBsible  proportions  of  diameters  of  corpuscules  to 
intorstices  between  them  in  the  "  gravifio  fluid,"  and  of  the  possible 
velocities  of  its  component  corpuscules.  This  much  is  certain, 
that  if  hard  indivisible  atoms  are  granted  at  all,  bis  principles 
ore  unassailable ;  and  nothing  can  be  said  against  the  probability 
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of  his  asantiiptioDS.  The  only  impeifeotion  of  his  theory  is  tha 
which  IB  inherent  to  every  Buppoeitioa  of  hard,  indiTiaible  atoms. 
They  mmt  be  perfeoUy  elastio  or  imperfectly  elastto,  or  perfectly 
inelaetic.  Even  Newton  eeeniH  to  have  admitted  ae  a  probable 
reality  hard,  iadiviBible,  unalterable  atoma,  each  perfectly  inelastio. 
Nicolas  FatJo  is  quoted  by  Le  Sags  and  PrSvost,  as  a  friend  of 
Newton,  who  in  1689  or  1890  had  invented  a  theory  of  gravi^ 
perfectly  eimilai  to  that  of  Le  Sage,  except  certain  esaential  points; 
haddescribed  it  in  a  Latin  poem  not  yet  printed;  and  had  written,  on 
the  30th  March  1694,  a  letter  regarding  it,  which  is  to  he  fonnd  in 
the  third  volume  of  the  works  of  Leibnitz,  having  been  communi- 
cated for  publication  to  the  editor  of  those  worka  by  Le  Sage. 
Bedeker,  a  German  physician,  ia  quoted  by  Le  Sage  as  having 
ezpotmded  a  theory  of  gravity  of  the  same  general  character,  in  a 
Latin  disaertation  published  in  1736,  referring  to  which  PrSvoat 
says,  "  Oil  Ton  tiouve  I'expoBd  d'uD  systdme  fort  semblable  ^  celui 
"  de  Le  Sage  dans  ses  traits  prinoipaux,  mais  dSpourvu  de  oette 
"  analyse  ex&cte  des  pbSnomdnes  qui  fait  le  principal  mSrite  de  toute 
"  espice  de  thSorie."  Fatio  supposed  the  corposcules  to  he  elastic, 
and  seems  to  have  shown  no  leason  why  theii  return  velocities 
after  collifiicii  with  mundane  matter  should  be  less  than  their  pre- 
vious velocities,  and  therefore  not  to  have  explained  gravity  at  all. 
Bedeker,  we  are  told  by  Pi6vost,  had  very  limited  ideas  of  the  per- 
meabilities of  great  bodies,  and  therefore  failed  to  explain  the  law 
of  the  proportionality  of  gravity  to  mass ;  "  he  enunciated  this  taw 
"  very  correctly  in  section  15  of  his  dissertation ;  but  the  manner 
"  in  which  he  explains  it  shows  that  he  had  hut  little  reflected  upon 
"  it.  Notwithstanding  these  imperfections,  one  cannot  hut  recog~ 
"  uiae  in  this  work  an  ingenious  conception  which  ought  to  have 
"  provoked  examination  on  the  part  of  naturalists,  of  whom  many 
"  at  that  time  occupied  themselves  with  the  same  investigation. 
"  Indeed,  there  exists  a  dissertation  by  Segner  on  this  subject.* 
"  But  science  took  another  course,  and  works  of  this  nature  gradn- 
"  ally  lost  appreciation.  Le  Sage  has  never  failed  on  any  occasion 
"  to  call  attention  to  the  system  of  Bedeker,a8  also  to  that  of  Fatio."t 

*  De  Cansa  grsTitatis  Redeberiana. 

t  Le  Bage  vaa  romarkabl;  Bcrupnlona  in  giving  full  informatioii  regarding 
11  who  preceded  him  in  the  developmsnt  of  anj  part  of  bis  theory. 
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Le  Sage  shows  that  to  produce  gnTitatios  those  of  the  nltra- 
mundane  corpueculea  which  Btrifce  the  cage-bars  of  heavy  bodies 
must  either  stick  there  or  go  awa;  with  diminished  yelocities. 
He  supposed  the  corpnscules  to  be  inelaatio  (dura),  and  points 
ont  that  we  ought  not  to  eappose  them  to  be  permanently  lodged 
in  the  heavy  body  (entauii),  that  we  must  rather  Buppose  them 
to  slip  off;  but  that  being  inelastic,  their  average  velocities  after 
collision  must  be  leas  than  that  which  they  had  before  collision.* 

Q^hat  these  suppositiona  imply  a  gradual  diminution  of  gravity 
from  age  to  ^e  was  carefully  pointed  oat  by  Le  Sage,  and  referred  to 
as  an  objection  to  his  theory.  Thns  he  says,  "...  Done,  la  durde 
"  de  la  gravity  eeroit  finie  aussi,  et  par  conssqnent  la  dnr6e  dn 
"  monde. 

"  Bifonte.  Goncedo ;  mais  pourm  que  cet  obstacle  ne  contrihue 
"  pas  i  faiie  finir  le  monde  plus  promptement  qn'il  n'auroit  fini  sans 
"  Ini,  il  doit  kin  considSrS  comme  nn1."f 

Two  suppositions  may  be  made  on  the  general  basis  of  Le  St^'s 
doctrine : — 

1*1,  (Which  seems  to  have  been  Le  Sage's  belief.)  Suppose  the 
whole  of  mnndane  matter  to  be  contained  within  a  finite  space, 
and  the  infinite  space  round  it  to  be  traversed  by  ultramundane 
corpnscules;  and  a  amall  proportion  of  the  corpuscules  coming 
from  ultramundane  space  to  suffer  collisiona  with  mundane  matter, 
and  get  away  with  diminished  gravifio  energy  to  ultramundaDe 
space  again.  They  would  never  return  to  the  world  were  it  not 
for  collision  among  themselves  and  other  corpuacules.  Le  Sage 
held  that  sncb  collisions  are  extremely  r»re ;  that  each  collision, 
even  between  the  ultramundane  corpusculea  themselves,  destroys 
some  energy ;%  that  at  a  not  infinitely  remote  past  time  they 
were  set  in  motion  for  the  purpose  of  keeping  gravitation  through- 
out the  world  in  action  for  a  limited  period  of  time;  and  that 

*  Le  SugB  estimated  the  Tslodtf  after  collision  to  be  two-thiTda  of  tlie 
velocitf  before  oolliBion. 

t  PoetlmmonB.  "  Trait£  de  Phyaique  Mfioaniqne,"  edited  by  FieirePrSroBt. 
QenoTa  and  Paria,  1818. 

t  Newton  (Optica,  Qnory,  80  Edn.  1721,  p.  878)  hold  that  two  eqoal  and 
aimilar  atoma,  moTiag  with  equal  Telocitiea  in  contrary  directioos,  come  to 
rest  when  they  attike  one  another.  Le  Sage  held  the  aame ;  and  it  aaema 
that  writera  of  laat  cento ry  underBtDod  thia  without  qualification  when  they 
celled  atoms  hard. 
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both  by  their  mutual  collisiona,  and  by  colliBtODa  with  mundane 
atoma,  the  whole  stock  of  giavific  energy  is  beiDg  gradually  re- 
duced, and  therefore  the  iuteueity  of  gravity  gradually  diminiBluDg 
from  age  to  age. 

Or,  2d,  suppose  mundane  matter  to  be  spread  through  all  Bpaoe, 
liut  to  be  much  denser  within  each  of  an  infinitely  great  iiamber  of 
finite  volumes  (such  as  the  volume  of  the  earth)  than  elsewhere. 
On  this  supposition,  even  were  there  no  oollisions  between  the 
oorpuscules  themselves,  there  would  be  a  gradual  diminution  in 
their  gravific  energy  through  the  repeated  oollisions  with  mnndaoa 
matter  which  each  one  must  in  the  course  of  time  suffer.  The  secular 
diminution  of  gravity  would  be  more  rapid  according  to  tbis  snp- 
poBJtion  than  according  to  the  former,  bat  still  might  be  made  as 
slow  as  we  please  by  pushing  far  enough  tbe  fnndamental  assomp- 
tions  of  very  small  diameters  for  the  cage-bars  of  the  mundane 
atoms,  very  great  density  for  their  substance,  and  very  email 
volume  and  mass,  and  very  groat  velocity  for  the  nltramundane 
corpuficulea. 

The  object  of  the  present  note  is  to  remark  that  (even  although 
we  were  to  admit  a  gradofti  fading  away  of  gravity,  if  slow  enough), 
we  are  forbidden  by  the  modem  physical  theory  of  the  conservation 
of  energy  to  assume  inelasticity,  or  anything  short  of  perfect  elas- 
ticity, in  the  ultimate  molecules,  whether  of  ultramuDdane  or  of 
mundane  matter;  and,  at  the  same  time,  to  point  out  that  the 
assumption  of  diminished  exit  velocity  of  ultramundane  corpusouUe, 
essential  to  Le  Sage's  theory,  may  be  explained  for  perfectly  elastic 
atoma,  consistently  both  with  modern  thetmodyn arnica;  and  with 
perennial  gravity. 

If  the  graviGc  corpuscules  leave  the  earth  or  Jupiter  with  less 
energy  than  they  bad  before  collision,  their  effect  must  be  to  con- 
tinually elevate  the  temperature  throughont  the  whole  mass.  The 
energy  which  must  be  attributed  to  the  gravific  corpuscules  is  so 
enormously  great,  that  this  elevation  of  temperature  vould  bo 
sufficient  to  melt  and  evaporate  any  solid,  great  or  small,  in  a 
fraction  of  a  second  of  time.  Hence,  though.ontward-bonnd  cor- 
puscules must  travel  with  less  velocity,  they  must  carry  away  tbe 
same  energy  with  them  as  they  brought.  Suppose,  now,  the  wbole 
energy  of  the  corpuscules  approaching  a  planet  to  consist  of  trans- 
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latory  motion :  a  portioa  of  the  enei^  of  each  Gorpaacnle  which 
has  soffeied  collision  mnst  be  supposed  to  be  converted  bj  the 
coIliBion  into  vibratione,  or  vibiationB  and 'rotations.  To  simplify 
ideas,  snppose  for  a  moment  the  particles  to  be  perfectly  smooth 
elastic  globules.  Then  collision  could  not  generate  any  rotatory 
motion;  bnt  if  the  cage-atoms  constituting  mundane  matter  be 
each  of  them,  as  we  must  suppose  it  to  be,  of  enormously  great 
mass  in  comparison  with  one  of  the  ultramundane  globules,  and  if 
the  substance  of  the  latter,  though  perfectly  elastic,  be  much  less 
rigid  than  that  of  the  former,  each  globule  that  strikes  one  of  the 
cage-bars  must  (Thomson  &  Tait's  "  Natural  FbiloBophy,  §  301), 
come  away  with  diminished  velocity  of  translation,  but  with  the 
corresponding  deficiency  of  energy  altogether  converted  into  vibra- 
tion of  its  own  mass.  Thus  the  condition  required  by  Le  Sage's 
theory  is  fulfilled  without  violating  modern  tbermo-dynamics;  and, 
according  to  Le  Sage,  we  might  be  satisfied  not  to  inquire  what  be- 
comes of  those  ultramundane  corpuscules  which  bave  been  in  collision 
either  with  the  cage-bars  of  mundane  matter  or  with  one  another; 
for  at  present,  and  during  ages  to  come,  these  would  he  merely  an 
inconsiderable  minority,  the  great  majority  being  still  fresh  with 
original  gravific  energy  unimpaired  by  collision.  Without  entering 
on  the  purely  metaphysical  question, — Is  any  such  supposition  satis- 
factory? I  wish  to  point  out  how  gravific  energy  may  be  naturally 
restored  to  corpuscules  in  which  it  has  been  impaired  by  collision. 

GlansiuB  has  introduced  into  the  kinetic  theory  of  gases  the 
very  important  consideration  of  vibrational  and  rotational  energy. 
He  has  shown  tbat  a  multitude  of  elastic  corpuscules  moving 
through  void,  and  occasionally  striking  one  another,  must,  on  the 
average,  have  a  constant  proportion  of  their  whole  energy  in  the 
form  of  vibrations  and  rotations,  the  other  part  being  purely  trans- 
lational.  Even  for  the  simplest  case, — that,  namely,  of  smooth 
elastic  globes, — no  one  has  yet  calculated  by  abstract  dynamics 
the  nittmate  'average  ratio  of  the  vibrational  and  rotational,  to 
the  transtational  energy.  But  Glansius  has  shown  how  to  deduce 
it  for  the  ooipuscnles  of  any  particular  gas  from  the  experimental 
determination  of  the  ratio  of  its  specific  beat  pressure  constant,  to 
its  specific  heat  volume  constant.*    He  found  tbat 

■  Haxwril's  "  BlemeBtary  Treatiae  on  Heat,"  chap.  xxii.    LoDgmiui,  1871- 
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if  r  be  the  ratio  of  the  specific  heats,  and  ^  the  latio  of  the  whole 
energy  to  the  tianalstional  part  of  it.  For  air,  the  value  of  f  found 
by  experiment,  ia  1'406,  which  mafcea  ^  =:  1*634.  For  steam, 
Maxwell  says,  on  the  authority  of  Sankine,  ^  "may  le  as  much 
aa  2-19,  but  this  is  very  uncertain."  If  the  molecules  of  gases  are 
admitted  to  be  eloBtic  corpuscules,  the  validity  of  Glausiua'  prin- 
ciple ia  undeniable ;  and  it  is  obTioua  that  the  value  of  the  ratio  ^ 
must  depend  upon  the  shape  of  each  molecule,  and  on  the  distribu- 
tion of  elastic  rigidity  through  it,  if  ita  aubatance  is  not  homo- 
genecua.  Fartber,  it  ia  clear  that  the  value  of  j8  for  a  set  of  equal 
and  aimilar  corpuacules  will  not  be  the  aame  after  collision  with 
moleculea  difTerent  from  them  in  form  or  in  elastic  rigidity,  as 
after  collision  with  molecules  only  of  tbeii  own  kind.  All  that  is 
necessary  to  complete  Le  Sage's  theory  of  gravity  in  accordance 
with  modern  science,  ia  to  assume  that  the  ratio  of  the  whole 
energy  of  the  corpuacules  to  the  translational  part  of  their  energy 
is  greater,  on  the  average,  after  collisiona  with  mundane  matter 
than  after  inter -collisions  of  only  ultramundane  corpuscules.  This 
supposition  is  neither  more  nor  less  questionable  than  that  of 
Clausius  for  gasea  which  is  now  admitted  as  one  of  the  generally 
recognised  truths  of  science.  The  corpuacular  theory  of  gravity  ia 
no  more  difficult  in  allowance  of  ita  fundamental  aaaumptioQs  than 
the  kinetic  theory  of  gases  as  at  present  received ;  and  it  ia  mora 
complete,  inasmuch  as,  from  fundamental  asanrnptione  of  an  ex- 
tremely simple  character,  it  explaina  all  the  known  phenomena  of 
its  subject,  which  cannot  be  said  of  the  kinetic  theory  of  gases  so 
far  as  it  has  hitherto  advanced. 

pM(8c«i)(,  April  1872. 
In  the  preceding  statement  I  inadvertently  omitted  to  remark 
that  if  the  constituent  atoms  are  aeolotropic  in  respect  to  perme- 
ability, crystals  would  generally  have  different  permeabilities  ia 
different  directions,  and  would  therefore  have  different  weights 
oocdtding  to  the  direction  of  their  axes  relatively  to  the  direction 
of  gravity.    Ko  such  difference  has  been  discovered,  and  it  is 
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certain  that  if  there  is  an;  it  is  extramely  amall.  Henoe,  the 
constitnent  atoma,  if  aeolotropic  aa  to  permeability,  must  b«  bo, 
but  to  an  ezceediogly  eniEiil  degree.  Le  Sage's  second  faada- 
mental  asenmption  given  above,  under  the  title  "  Constitution  of 
"  Seavy  Bodiet,"  implies  aensibly  equal  permeability  in  all  direc- 
tions, even  in  an  aeolotropio  etmcture,  unless  much  greater  than 
Jnpiter,  provided  that  the  atoms  are  Isotropio  as  to  permeability. 

A  body  having  different  permeabilities  in  different  directions 
vonld,  if  of  manageable  dimensions,  give  us  a  means  for  drawing 
energy  from  the  inexhaustible  store  laid  up  in  the  ultramundane 
corpuscles,  thus : — First,  turn  the  body  into  a  position  of  minimum 
weight;  Secondly,  lift  it  tbrougb  any  height;  Thirdly,  turn  it 
iota  a  position  of  maximum  weight;  Fourthly,  let  it  down  to  its 
primitive  level.  It  is  easily  seen  that  the  first  and  third  of  those 
operations  are  performed  without  the  expenditure  of  work ;  and,  on 
the  whole,  work  is  done  by  gravity  in  operations  2  and  i.  Id 
the  corresponding  set  of  operations  performed  upon  a  moveable 
body  in  the  neighbourhood  of  a  fixed  magnet,  as  much  work  is 
required  for  opeiationa  1  and  3  as  is  gained  in  operations  2  and  i; 
the  magnetisation  of  the  moveable  body  being  either  intrinsio  or 
inductive,  or  partly  intrinsio  and  partly  inductive,  aod  the  part  of 
its  aeolotropy  (if  any),  which  depends  on  inductive  magnetisation, 
being  due  either  to  magne-crystallic  quality  of  it«  substance,  or  to 
its  shape.* 

4.  Note  OQ  Spherical  Harmonics.     By  Professor  Tait. 

While  engaged  in  some  quaternion  researches  with  reference  to 
Spherical  Harmonics,  which  I  hope  soon  to  lay  before  the  Society, 
I  was  led  to  imagine  that  some  of  my  results  might  produce  a 
simplification  of  the  ordinary  modes  of  treating  the  subject.  The 
following  is  the  result  of  the  attempt.    It  seems  to  make  the  cal- 

■  "Tbeor)' of  magnetio  indaction  in  CTjatalline  aiiil  non-crjitaUine  snb- 
"  stance*." — Fkil.  Mag;  March  1861.  "  Force*  eipericDced  by  judQctivel? 
"  magnetiied  ferro-mognotic  and  dia-mBgnetic  non-cTTitalline  nibttancM." 
—Pkil.  Mag.,  Ott.  1860.  "Beeiprocal  action  of  dia-magnetic  particles."— 
PKil.  Mag.,  Deo.  1866 ;  all  to  be  fonnd  in  a  collection  of  reprinted  and  newljr 
written  papers  on  elecltoitatici  and  ntsgnetiun,  neailf  ready  for  publication, 
(Macmillan.  1872). 

VOL.  vii.  4k 


b..Goc>^lc 


590  Proceedinge  of  the  Royal  Society 

onlns  Bomevhat  more  iotelligible  to  the  beginnef  than  the  methods 
employed  by  O'Briea  and  Marphy,  whose  works  on  the  subject  are 
usually  lead  in  this  country.  As  I  am  not  writing  a  treatise,  but 
metely  sketching  a  method,  I  shall  nm  oTei  the  principal  elemen- 
tary  propositions  only. 

1.  Let 

1  1  » 

p  "{l-2Afi+A')*  "  ^^''^'   ' 
This  ie  possible,  if  A  be  always  taken  less  than  1 ;  and,  aa  fi  is  sever 
beyond  the  limits  ±  1, 1,  Q, ,  -  1  are  in  order  of  magnitude,  and 
the  series  is  always  convergent. 

Hence  we  may  differentiate,  and  we  thus  obtain 


d   1        k        ,«iirfQ*. 


^  — s-**' 


And 

-3.iCi+l)A'Q*        .        .        .        (2). 

The  sum  of  the  mnltipUers  of  p-'  in  (1)  and  (2j  is  obviously  ten. 
Thus  ws  have  the  equation  for  Qj 

.•(.■+I)a+|;((l-M-)f  )-0        .        (3). 

2.  From  this  equation,  by  differentiation  »  - 1  times  with  respect 
to  It,  we  have 
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or, 

(.,.i,-.(.-i,):-..r'PV^^(a-.,-^)=o<,, 

3.  Let  Q^  be  any  one  of  the  values  of  Q  above  defiDed,  then 

Hence,  integrating  between  the  limits  T 1  of  /i,  we  have 
Apjilying  the  leduction  t  times,  ve  evidently  obtaia 

4.  To  find  the  value  of  the  integral  on  the  right,  note  that 
Qj^  is  the  co-ef&cient  of  A'A'''  in  the  expansion  of 

1 

(1  -  2^  +i')t  {1  -  2,iA'+A'')t 
Now 

/~ df* 

1  V    2A       ^  ^  V     2A'    ^ 

1  1-/W 
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2i+V 


In  this  there  is  no  tenn  in  which  the  powere  of  h  and  h'  are 
different,  hence  we  have 

f    CUQid^=0  .        .  ■      .        (7). 

in  all  oases  nQleea/=».    In  this  special  case  we  have 

/''^■•"'^i    ■    ■    ■    ('•' 

+1 
Hence  the  left  hand  member  of  (6)  vanishes  nnlesa  j  =  f,  and  in 
that  case  we  have 


/a-<^)V  =  ,-^|5.    . 


(9). 


We  might  have  proved  (7)  from  (6)  by  exchanging  •  andy,  and 
showing  that  unless  «  =  j,  we  cannot  have 


5.  The  equation  (3),  which  is  satisfied  by  Qj,  is  a  mere  partionUi 
case  of  the  general  equation  of  surface  harmonics — 

<-+«^  +  r^f +!;((•-''■)  t)=Mio). 

which  maybe  obtained  by  putting  Yj  =  S(  in  the  ordinary  equa- 
tion of  Laplace — 

after  difTeTcntiating  the  first  term.    That  differentiation  gives,  in 
fact, 
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From  eqnatioD  {10)  we  may  prove,  as  usual,  by  multiplying  by 
Sf  and  integrating  over  the  acit  sphere,  th&t 

t(i  +  ll/da-aS;  =  jO' +  l)/ArS(^ . 

the  expression  for  either  being  symmetrical  in  •  andy,  so  that  the 
integral  vanishes  unless  t=j:  or,  if  negative  values  be  admitted, 
nnleas  »  +  j  +  1  =  0. 

6.  We  must  now  express  S{  in  terms  of  f  and  Qi-    Let,  then, 

a  =  S,  A,  COB.  («j»  +  B.)  el"       .  .        (11). 

where  Aj,  a,  are  virtually  2t  + 1  arbitrary  constants.  Substitnting 
thiB  value  in  (10),  and  supposing  all  the  coefficients  A  to  vanish 
except  Af,  we  have 


(;(.•+ i)-li^)«l«+|((i-.-)^).o. 


(12). 


This  equation  ia  materially  simplified  by  assuming  (as  is  suggested 
bj(6)ud(9)) 

»?'.(I-rt'»..        .        .        .        (13), 

for  with  this  substitution  it  becomes,  by  a  process  the  same  as  that 
of  section  2  above, 

(.•(.•+l)-<.  +  ,))(l-rt'..  +  ^((l-^-)*f).0. 

But,  by  (4),  putting  j  + 1  for  >, 

(.•«.i,-<..i,)(i-.T^.^Xp-->*^)  =  °- 

Comparing  these  equations,  and  remembering  that  all  the  permis- 
sible  arbitrary  constants  have  already  been  introduced  into  the 
solution  of  (10),  we  have 

Hence,  finally, 

S,  =  SiA,cos.(.f  +  a.Xl-*»')*4^   ■        ■        ("■) 
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7,  We  may  bow  eaaily  find  the  value  of 

taken  over  the  whole  Bpherical  surface.    For 


/  dp  COB.  {sp  +  a,)  COB.  (s'f  +  <v) 

vanUhes  unlesa  »  and  /  be  eqnal,  id  which  case  its  valne  ie  r. 
Hence,  attending  to  §  4,  and  to  (14), 

/SS<fa~  =  0,  ^ 


/^■-=fe^^^/ 


Il±j    \    ■        ■        ■   (!«)• 


8.  Another  curioas  expreHeion  for  w   is  given   b;  (4)-     For 
that  equation  gives 

<i-'-i'$=  -  {.■(.■+')-«-i))/i-rt-p'^ 

=+  {.•(.+  l)-.(.-l))W+l)-(.-l)<.-!))//(I-f')     ^P.*- 
(-)'|5=yQ<<ic'     ....       (16). 


Hence 


^l  +  2tA+h'    =    1+Ay  .         .         .         (19), 

where  y  is  a  function  of  h  and  fi,  never  beyond  the  limits  + 1  and  - 1. 
Then 

J  1+2^  +  k*  '    dp. 
But  the  first  equation  gives,  at  sight, 

y  =  ^  +  A^        .        .        .        (20), 
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wheDce, 

and  therefore, 

1  dy     ,         d  /-l-f.*\      h*   d*  /1-m'V 

V1+2M+A'"<'/^"    ■*"''/* k     2     J  +  l-2d^'\     2     j    +**=■' 

which  shows  that 

aad  suggests  obvious  simplifications  of  preceding  results,  e.g., 

-(-><ir(->'^)'=o>^««)(-)*<-'-)--g(ir'(-.'-)' 

&C.,  &0., 

11.  The  complete  integral  of 

.«+l)Q,  +  |((l-,.-)''|)  =0       .         (S) 

may  easily  be  found,  since  a  partioular  integral  is  known.     Let  it 
be  MQ<,  where  M  is  a  function  of  f*.    Then  (3)  gives  at  onoe 

(-w+.(.-..,|^)f.a-,.)<j,^-  =  o, 


l->i'       Qtdp.        -J-  d^'  ' 

vhence 

dn  _       C 

"a^  -(1-^')Q,'- 
Thus  the  complete  integral  is 

12.  Let  us  now  suppose 
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where  Q^  ia  as  in  §  1,  and  Pf  is  a  function  of  >i  and  f .  The 
equation  (10)  becomes  Bnoceasivel; 

n    .-o  JP.^(''-'''"^'Z-)  ,    am    . 
c-c')*  3;r— — -— jp^  +  n:^--3^--  -  »• 

and,  finally, 

o-/'")«:|;(c'-''')«i^)  +  a''^'  -»• 

K  we  put,  for  s  moment, 

— — ivQj  =  clv  (which  has  a  real  meaning,  eee  §  11), 

and  eappoee  Qj  to  be  espreesed  in  tenns  of  v  instead  of  n,  calling 
it  qi,  the  equation  may  be  written 

d'P,  ,  ^PTi      ^ 

S;.-  +  3?  d^  =  0     .        .        .        (24). 

Hence  it  appears  at  once  that  Pf  cannot  contain  f  except  in  the 
form  of  factors,  such  as  cos.  ap,  sin.  «f ,  in  tbe  eeveral  terms  of 
which  (as  an  integral  of  a  linear  equation)  it  must  be  composed. 
Hence,  as  before, 

P(  =1   S^A,0i   cos.(«f  +  a), 
and,  keeping  to  one  ralne  of  a, 
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5.  Laboratory  Notes :  On  Thenno-Electricity.    By 
Professor  Tait. 

For  some  time  back  I  have  been  endeaTonring  to  prove,  by  ex- 
periment, through  great  ranges  of  temperature,  the  result  vmouuoed 
by  me  in  December  last,  viz.,  that  the  electro-motiva  force  of  a 
thermo-electric  circuit  is  io  general,  nnleaa  the  temperatnie  he  very 
high,  a  parabolic  function  of  the  abaolate  temperaturo  of  either 
jnnction,  that  of  the  other  being  maintained  constant. 

For  moderate  ranges  of  temperature  the  experiment  presents 
little  diEBculty;  bnt,  when  mercurial  tbenaometers  cannot  be  em- 
ployed, a  modification  of  the  experimental  method  most  be  made. 
I  have  employed  in  saccession  several  such  modifications,  of  which 
the  following  are  the  chief: — 

The  simplest  of  all  is  to  dispense  altogether  with  tbermometen, 
and  to  employ  two  thermo-electric  circuits,  whose  hot  and  whose 
oold  junctions  are  immersed  in  the  same  vessels-,  and  to  plot  tbe 
cnrve  whose  abscissie  and  ordinates  are  simultaneous  readings  of 
the  electro-motive  forces  in  the  two  circuits.  In  every  case  I  have 
tried  tbe  cnrve  thus  obtained  is  almost  aocnrately  a  parabola,  m(»t  of 
tbe  few  deviations  yet  observed  being  in  tbe  case  of  silver  and  other 
metals  at  temperatures  not  very  much  below  their  melting  points — 
under  circumstances,  in  fact,  in  which  we  should  naturally  eipeot 
that  the  law  would  no  longer  hold.  There  are,  also,  cases  in  which 
the  whole  electro-mDtive  force  is  so  small,  even  for  very  large  differ- 
ences of  temperature,  that  very  much  more  delicate  apparatus  would 
be  required  for  their  proper  investigation.  And  there  are  cases  in 
which  the  neutral  point  is  so  far  off  that  for  moderate  ranges  of 
temperature  the  curves  obtained  are  sensibly  straight  lines.  I 
intend  to  examine  these  cases  with  care — the  former  by  uping  more 
delicate  galvanometers ;  the  latter,  by  employing  metals  which  are 
practically  infusible.  Tbe  difficulty  of  obtaining  wires  of  such 
metals  has  been  tbe  chief  one  I  have  bad  to  face. 

If  we  assume  tbe  experimental  curve  to  be  a  parabola,  then  it  is 
easily  eeen  {Proc.  May  29, 1671)  that  in  each  circuit  tbe  electro- 
motive force  must  be  a  parabolic  function  of  some  function  of  tbe  ab- 
solute temperatures  of  the  junctions.    And,  as  in  tbe  iron-silver, 
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iron-zinc,  iron-copper,  iron-<^iiiiam,&o.,  circuits,  this  fnnction has 
been  proved  to  be  simply  tfae  absolute  temperature  itself  (at  least, 
within  the  range  of  mercury  thermometers),  it  is  probable  that  such 
ia  the  general  law,  at  least  for  ranges  of  temperattiTe  short  of  those 
which  materially  alter  the  molecular  structure  of  the  metals  em- 
ployed. 

The  second  method  consisted  in  employing  two  pairs  of  circaita, 
all  four  hot  junctions. being  in  the  same  heated  substance,  and  all 
four  cold  junctions  kept  at  a  common  temperature.  Tfae  members 
of  each  pair  acted  on  a  differential  galvanometer  (as  explained  in 
Prcc.  Dec. 19,1670)  in  such  a  way  as  to  eliminate  the  term  containing 
the  square  of  tfae  afasolute  temperature.  In  tfais  case  the  readingsof 
tfae  galTanometers  sfaould  be  simply  proportional  to  one  another, 
and  likewise  to  the  differences  of  absolute  temperature  of  the  junc- 
tions. The  method  is  exact  in  tbeoiy,  bat  by  no  means  easy  in 
practice,  especially  with  the  vary  limited  number  of  metals  capable 
of  resisting  a  high  temperature  whicfa  I  could  manage  to  obtain. 
That  a  very  exact  and  useful  tfaermometric  arrangement  can  be 
made  on  this  principle  admits  of  no  doubt,  when  #e  examine  the 
results  of  the  experiments. 

The  third  method  consisted  in  asBUming  tfae  parabolic  law,  and 
the  following  consequence  of  it  which  foUom  directly  by  tfae  use 
of  Thomson's  general  fonnalce.  Tfaese  may  easily  be  reproduced 
as  follows : — Suppose  a  sliding  ring  or  clip  to  be  passed  round  the 
wires,  so  as  to  piess  together  points  of  the  wires  wfaioh  are  at  the 
same  temperature,  t.  Its  effects  aro  known  by  experiment  to  be  nil, 
wbatevei  be  its  material.  Let  it  be  slid  along  so  that  tfae  tempera- 
ture of  what  is  now  effectively  the  hot  junction  becomes  t  +  &,  then 
the  two  laws  of  thermodynamics  give,  respectively, 

«E  =  j(8n+(<J-,-<r,)&), 
and 


Here  E  is  the  electromotive  force,  II  the  Peltier  effect  at  a  junction 
at  temperature  (,  and  o-,,  a~„  are  the  Specific  heats  of  electricity  in 
the  two  metals. 
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T(8n-,s5). 


Introducing  the  hypntheeu,  obtaioed  from  conaiderationB  of  Disei- 
pation  of  BDergy,  {Proc.  Dec.  19,  1870)  that 

we  have 

■"T-f -('.-'•>(''»-"• 
where  T^  ia  the  well-known  "  neutral  point." 
Also 


=  (i.-A»)((-t,)(T^-'-^). 


since  itTauiehee  for  t^^  („  the  temperature  of  the  cold  junction. 
Now,  if  the  neutral  point  be  between  such  limits  at  0"  0.  and  300° 
C,  the  exact  determination  of  it  is  an  easy  matter;  and  this  ex- 
act knowledge  of  it  greatly  facilitates  the  determination  of  -jz, 
which  cannot  be  vtry  accurately  found  by  drawing  a  tangent  to  the 
plotted  curve.  For  if  odo  junction  be  at  t,  the  other  at  T^,,  we 
have 

E,  and  T^  - 1  are  easily  measured  on  the  experimental  curve,  and 
thus  k^  —  k^  is  found.  The  following  values  have  thus  been 
(roughly)  calculated  from  observations.  Where  the  neutral  point 
was  not  reached,  it  is  put  in  brackets.  The  unit  for  k^  -  A:^  is  3  or  4 
per  cent.  less  than  ^^  of  the  electromotive  force  of  a  good  Grove's 
ceU. 
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Now,  it  ie  an  immediate  conaeqaBaca  of  tbe  second  lav  of  theimo- 
dynuDics  that,  aa  Peltier  eETecte  are  reveisible  with  the  direction  of 
ths  onireut,  and  are  the  only  sensible  thermal  effects  when  a  Teiy 
feeble  oonent  passes  through  a  thermo-electric  cirooit,  all  of  whose 
parts  are  at  one  temperature,  we  must  have 

or,  Bsenming  the  paraholic  law, 

This  holds  for  an;  nnmber  of  Heporata  materials  in  the  conductor. 
As  <  is  the  same  throughoat,  the  terms  involving  it  evidently 
vanish  identically ;  but  there  remains  the  equation 

establishing  a  relation  between  the  specific  heats  of  electricity  in  a 
number  of  metals  and  the  absolute  temperatures  of  the  neutral 
points  of  each  junction  of  two  of  them.  Other  rohitiona  may  be 
obtained  by  altering  the  order  of  the  metals  if  there  be  mors  than 
three — but  they  are  all  virtually  contained  in  the  formola  for  three, 
which  we  write  at  full  length, 

From  the  direct  experiments  of  Le  Boux  on  "  I'Effet  Thomson,"  as 
he  oaUs  it,-it  appears  that  k  is  null  in  lead.*  At  all  events, 
since  Thomson  showed  that  it  has  opposite  signs  in  iron  and  copper, 
we  may  imagine  a  snbstance  for  which  £  «  0.  We  may  now  con- 
struct an  improved  "  Thermo-ekclric  diagram"  to  represent  these 
relations  numerically,  employing  the  line  for  this  substance  as 
our  axis  of  absolute  temperatures ;  while  the  ordinatea  perpen- 
dicular to  it  give,  for  this  substance  employed  with  any  other  in  a 

circnit  of  two  metals,  the  values  of  y,  or  -jr,    or  (what  comes 

to  the  same  thing)  the  electro-motive  force  of  a  circnit  whose 
junctions  are  both  very  nearly  at  t,  but  have  a  small  constant 
temperature  difference.  This  quantity  corresponds  with  what  has 
been  called  the  thermo-eltctrie  pouer  of  the  circuit. 

*  AnnalM  de  Cliimie,  1867,  toI.  s.  p.  377. 
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The  two  oblique  straight  lines  in  the  dia^am  belong  to  the  metals 
a,  b,  reBpecttvel;.  The  taDgents  of  their  inclination  to  the  horizontal 
axis  (the  line  of  the  supposed  metal  for  which  A  =  0)  are  k^,  k^ — and 
the;  cut  it  at  the  points  T^,  T^,  where  they  are  neutral  to  it;  out- 
ting  ona  anathet  at  a  point  A  whose  abscissa  is  their  own  nential 
point  T^,    The  only  change  which  wonld  be  introduced,  by  taking 


a 

! 
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as  horizontal  axis  the  line  coiresponding  to  a  metal  for  which  k 
does  not  Tanish,  wonld  be  a  dislocation  of  the  diagram,  by  a 
simple  shear.  This  follows  at  once  from  the  equation  of  one  of 
the  lines — 

The  diagram  gives  the  Peltier  effect  at  the  junction  of  a  and  b 
for  anytemperature^,  by  drawing  the  ordinate  at  f„  and  completing 
a  rectangle  ccfgf'  on  the  part  intercepted,  its  opposite  end  being  at 
absolute  zero.  The  area  of  this  rectangle  is  to  be  taken  positively 
or  negatively  according  as  the  oomer  corresponding  to  a  is  nearer 
to,  OT  further  from,  the  horizontal  axis  than  that  corresponding 
to  b,  the  current  being  supposed  to  pass  from  a  to  b. 

The  electro-motive  force  in  a  circuit  of  the  two  metals,  a  and  5, 
with  its  junctions  at  t,  and  f,  respectively,  is  found  by  drawing 
ordinates  at  these  temperatures,  bo  as  to  cut  off  triangular  spaces 
Act/,  kdd',  whose  vertices  are  at  the  nentral  point.    The  difference 
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of  the  areas  of  theie  spaces,  tdd'c',  is  proportional  to  the  elecbo- 
motive  force.  When  the  higher  temperature,  t^  is  above  the  Den- 
tral  point,  the  electTomotive  force  is  the  difTeienoe  of  the  areas  Ace', 
Aw".  The  cose  above  meDtioned,  id  which,  by  a  differential 
galvanometer,  we  get  lid  of  the  terms  in  f,  is  obvionsly  a  ptocen 
for  making  the  onrves  of  two  separate  oomplez  arrangements  into 
parallel  straight  lines. 

In  conclusion,  I  may  give  a  few  instances  of  the  comparison  of 
results  of  oaloulatlon  of  the  nentral  point  of  two  metals  from  their 
obBervei  nentral  points,  and  differences  of  It,  aa  regards  iron,  with 
oaloulation  of  the  same  neutral  point  from  the  portion  of  the  carve 
(assumed  to  be  a  parabola)  which  espresaee  their  electro- motive 
force  within  ranges  of  temperature  where  mercurial  thermometers 
can  he  applied. 

Thus  with  Fe,  Gd,  Pb,  we  have  from  the  iron  circuits  0-00112 
-  0-00209  =  -  0-00097,  while  the  direct  experiment  with  Od,  Ph 
gave  -  0-00096. 

The  neutral  point,  as  calonlated  from  the  data  for  the  iron 
circuits  is  -  69°  C,  while  the  calculation  from  direct  experiment 
gives  -74°C. 

When  the  quantities  to  be  found  are  very  small,  as  for  instance 
in  the  cose  Ag  -  Cn,  we  cannot  expect  to  get  a  good  approximatioD 
by  introducing  a  third  metal.  In  fact,  introducing  Fe  we  find 
indirectly  000147  -  0 00151  =  - 000004,  while  the  direct  de- 
termination gives  -  0-00006. 

Again  with  Zn  and  Cu,  indirectly  we  get 

-000042  and  -144=0. 
Directly  - 000048  and  - 146° C. 

Several  of  the  other  groups  give  results  as  closely  agreeing  with 
one  another  as  these,  others  are  considerably  out. 

The  numerical  determinations  above  are  founded  entirely  on  a 
series  of  experiments  made  for  me  by  Uesars  J.  Uorray  and  B.  M. 
Morrison.  Ur  W.  Durham  is  at  present  engaged  in  determining 
the  electromotive  force  of  contact  of  wires  of  the  same  metal  at 
different  temperatures,  with  the  view  of  inquiring  into  its  relation  to 
ordinary  thermo-electric  phenomena  which  appears  to  be  suggested 
by  some  of  the  formula  above  given. 
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Monday,  ISth  January  1872. 
FBOrxssoB  KELLAND,  Vice-President,  id  the  Chair. 

The  following  Comnmnications  were  read : — 
1.  On  the  Bulation  of  Magnetism  to  Temperatnie.     (With 

a  Plate.)  By  D.  H.  Marshall,  Esq.,  M.A.,  Aseifltant  to  the 

ProfesBor  of  Natural  Philosophy.    Comnmnicated  by  Pro- 

fesBor  Tait. 

The  following  was  the  arrangement  adopted  in  these  experi- 
menta : — A  large  magnet  was  put  into  a  copper  pot  containing  oil, 
which  was  heated  np  hj  a  brass  Bunsen,  and  its  temperature  deter- 
mioed  by  a  mercnrial  thermometer  immersed  in  it.  The  magnet 
wu  set  magnetically  eut  and  west,  and  placed  so  as  to  act 
with  equal  force  on  the  poles  of  a  small  magnet,  whose  centre 
was  in  the  prolongation  of  its  axis.  This  small  m^;net  was 
cemented  to  the  back  of  a  small  concave  mirror,  snspended  by  a 
single  silk  fibre,  and  placed  in  a  glass  case  to  guard  it  agunst  car- 
rente  of  air.  The  dedectious  of  the  small  magnet  were  measured 
exactly  as  in  ths  refiectiog  galvanometer,  and  since  from  the  nature 
of  the  arrangement,  the  absolute  magnetism  in  the  largo  magnet  is 
directly  as  the  tangent  of  the  angle  of  defiection  of  the  small  one, 
its  amount  for  any  temperature  vras  immediately  measured  by  the 
reading  on  the  scale. 

1^ 


'"{^   "(«  +  ')■) 


Te 

N  S,  the  poles  of  the  fixed  magnet,  m  its  absolute  magnetism. 
K  a=K,  SN  =  {.  The  couples  indicated  are  those  ptodaced  by 
the  large  magnet,  and  the  earth's  magnetism,  E,  on  the  small 
magnet. 
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For  aoy  deflection  $,  if  the  length  of  the  email  magnet  be  negli- 
gible compaied  with  x,  we  have 

E  BID.  S  =  "»  (  ^   ~  ( •  XT^O  °^-  *    ■'■•»"  tan.  0 . 

[Thia  eimple  fonnula  holda,  of  course,  however  complex  be  the 
distributioQ  of  magnetism  id  the  large  magnet,  provided  the  rela- 
live  intensitieB  of  magnetization  at  difTerent  parts,  and  their  direc- 
tions, remain  unchanged  hy  heating.] 

DietntbanceB  were  experienced  in  the  form  of  tbenno-electrio 
currents  in  the  pot  and  brass  ling  supporting  it  (these  acted  agunst 
one  another),  but  their  etTects  were  rendered  insignificant  by  remov- 
ing the  flame,  and  allowing  the  whole  to  come  to  a  uniform  tem- 
perature before  leading.  The  direction  of  these  currents,  and  there- 
fore that  of  the  diatarbance  to  which  they  gave  rise,  conld  be  re- 
versed by  changing  the  position  of  the  flame  relatively  to  the  pot ; 
but  a  smaller  disturbance  of  a  more  unaccountable  nature  presented 
itself  during  the  heating  of  the  pot,  which  did  not  depend  on  the 
position  of  the  flame,  and  could  not  be  got  rid  of.  Thia  latter 
disturbance,  which  increased  with  the  temperature,  leanlted  in  a 
gradual  alteration  of  zero,  and  in  consequence  the  deflections,  cor- 
responding at  least  to  the  higher  temperatures  in  the  curves  and 
all  the  ordinates  of  the  lower  part  of  curve  III.,  arc  somewhat  less 
than  they  ought  strictly  to  be. 

Curves  I.,  II.,  and  the  upper  part  of  curve  III.,  show  how  the 
absolute  magnetism  diminiahea  as  the  temperature  of  the  magnet 
increases  ;  the  lower  part  of  curve  III.  ahows  bow  the  magnet  re- 
gains its  power  when  the  temperature  again  falls,  and  it  is  seen  at 
once  from  it  that,  when  the  magnet  is  allowed  to  cool  after  being 
heated,  the  deflection  corresponding  to  a  given  temperature  is  lees 
than  that  obtained  at  the  same  temperature  when  the  magnet  is 
being  heated,  thus  indicating  a  loss  of  magnetio  power,  and  the 
difference  of  the  two  deflections  is  greater  the  lover  the  tempera- 
ture. It  ia  principally  on  this  account  also  that  the  curves  I.  and 
II.  do  not  coincide,  for  the  experiments  were  performed  on  snccei- 
sive  days,  and  it  was  found  that  that  magnet  took  about  two  days 
after  such  heating  to  acquire  its  original  power.    The  magnet  used 

DiqitlzscbyGOOqlC 


0/ Edinburgh,  Session  1871-72.  605 

in  the  experimentB  repreeented  by  cnrves  I.  and  II.  was  ttot  the 
Bune  ae  the  one  used  in  that  represented  b;  onire  III. ;  the  latter 
was  a  thin,  very  hard  steel  magnet,  the  former  thicker  and  softer, 
and  it  may  be  seen  ftom  the  canres  that  the  bard  ateel  parted  with 
its  magnetism  less  readily  than  the  soft. 

From  these  experiments  it  follows  also  that  -^,  or  the  rate  of 
change  of  magnetism  with  temperature,  is  not  oonstant  for  each 
temperature,  but  depends  in  some  way  or  other  upon  the  state  of 
the  magnet. 

When  the  above  experiment  was  repeated  with  an  electro-magnet 
in  the  copper  pot  instead  of  a  permanent  magnet,  it  was  found  that 
whUe  at  a  temperature  of  500°  F.  the  power  of  the  permanent 
magnet  is  yery  much  lessened,  that  of  the  electro-magnet,  provided 
the  intensity  of  the  current  remain  constant,  is  unaltered. 

2.  Note  OD  a  Siugular  Property  of  the  Retina. 
By  Professor  Tait. 
While  soffering  some  of  the  annoyances  seemingly  inseparable 
from  te- vaccination  at  too  advanced  an  age,  I  was  led  to  the  curious 
observation  presently  to  be  described.  I  was  unable  to  sleep,  ex- 
cept in  "  short  and  far  between  "  dozes,  from  which  I  woke  with 
a  sudden  start,  my  eyelids  opening  fully.  I  found  by  trial  that 
this  state  of  things  became  somewhat  less  intolerable  when  I 
lay  on  my  back,  with  my  bead  considerably  elevated.  In  this 
position  I  directly  faced  a  gas  jet,  burning  not  very  brightly,  placed 
close  to  a  whitish  wall,  and  surrounded  by  a  ground  glass  shade, 
through  which  the  flame  could  be  prominently  perceived.  The 
portions  of  the  wall  surrounding  the  burner  were  moderately  illu- 
minated, and  hyperbolic  portions  above  and  below  somewhat  more 
strongly.  I  observed,  on  waking,  that  the  gas  Same  seemed  for 
a  second  or  two  to  be  surrounded  by  a  dark  crimson  ground,  though 
itself  apparently  unchanged  in  colour.  Gradually,  after  the  lapse 
of,  at  the  very  utmost,  a  couple  of  seconds,  everything  resumed  its 
normal  appearance.  As  this  phenomenon  appeared  not  only  to  be 
worthy  of  observation  in  itself,  but  to  furnish  me  with  something 
definite  to  reflect  upon,  which  is  far  the  best  alleviation  of  annoy- 
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KQces  Bimilar  to  those  from  vhich  I  iras  Buffering,  I  determined  to 
watch  it,  trausitorj  aa  it  was,  feeling  asBnred  that  I  Bbeuld  iiave 
many  opportunities  of  observing  it.  After  two  nights'  practice,  I 
found  myself  getting  dangerously  skilful  in  reproducing  it,  and 
decided,  somewhat  reluctantly,  that  I  must  give  it  up.  What  I 
observed,  however,  has  already  heen  almost  completely  described 
OS  having  heen  seen  on  the  very  first  occaaion.  I  endeavoured  to 
prepare  myself  to  note  any  posaihle  difference  of  colour  in  the  dim- 
•on  field,  as  diBtinguiebed  fidm  m«re  difference  of  intensity  of  Ulu- 
minatioD,  and  I  could  perceive  none.  I  also  endeavoured  to 
ascertain  the  nature  of  the  transition  from  this  state  to  the  nonnal 
one,  but  this  was  so  exceedingly  rapid  that  I  could  form  no  conclu- 
sion, and  I  found  that  under  the  necessary  circumstances  of  the 
observation,  viz.,  as  it  could  be  made  only  at  the  instant  of  awaken- 
ing, it  was  impossible  for  me  to  estimate,  even  approximately,  the 
duration  of  the  crimson  appearance. 

Several  possible  modes  of  explaining  the  phenomenon  at  once 
occurred  to  me.  Of  these,  however,  I  shall  mention  but  three, 
and  give  reasona  for  rejecting  two  of  them,  while  not  pretending 
to  specify  them  in  the  order  in  which  they  occurred  to  me. 
It  cannot  be  ascribed  to  any  vbual  defects  in  my  eyes,  which 
are  normal  as  to  colour  sensations,  and  very  perfect  optically. 
lit,  I  imagined  it  might  be  due  to  light  passing  through  the  almost 
closed  eyelid,  or  through  a  portion  of  the  eyeball  temporarily  filled 
with  .'4ilood.  Besides  feeling  certain  that  my  eyes  were  fully 
open,  I  had  the  additional  argument  against  this  ezphination,  that 
I  could  not  reproduce  the  phenomenon  by  carefully  and  gradnally 
closing  tbein,  and  that  I  am  not  aware  that  an  effusion  of  blood 
in  any  part  of  the  eye  could  possibly  disappear  so  rapidly.  2d, 
It  might  be  due  to  diffrsfition  either  by  my  eyelashes  or  by  small 
particles,  whether  on  the  cornea  or  in  the  transparent  substances  of 
the  eye,  coarse  enough  to  produce  nearly  the  same  tint  for  some 
distance  round  the  flame.  This  is  negatived  by  several  considera- 
tions, among  which  (in  additioD  to  those  urged  against  the  preced- 
ing explanation)  it  is  only  necessary-to  mention  again  the  facts, 
that  the  colour  b  not  one  which  can  be  produced  by  diffraction 
under  such  circumstances,  and  that  it  appeared  to  be  the  same  on 
the  more  illuminated,  as  well  as  on  the  darker  part  of  the  field. 
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Bd,  I  aaggeet,  ai  a  posBible  explanation,  but  one  which  is  mora 
specially  in  the  province  of  the  pbyetolo^at  than  of  thg  natural 
philoBopher,  that  the  retina  (or  the  nerve  cells  connected  with  it?) 
partakes  of  sleep  with  the  other  nerve  celle,  by  which  that  pheno- 
menon haa  been  accounted  for,  and  that  on  a  sudden  awakening, 
the  porliona  connecled  with  the  loweat  of  tbe  primary  forms  of 
colour  are  tbe  firat  to  come  into  action,  tbe  others  coming  inlo 
pla;  Bumewbat  later,  and  almost  simultaDeooHl;.  This  would 
completely  account  for  the  peculiar  crimson  colour,  and  for  its 
uniformity  of  tint  over  the  whole  field,  excepting;  the  gas  fianie 
itself,  the  coniparalive  intensity  of  wlioae  light  may  easily  be  sup- 
posed to  have  slmliltaneougly  aroused  all  the  three  aenaations  in  the 
small  portion  of  the  retina  on  which  it  fell,  though  it  is  just  pos- 
sible that  it  also  may  have  appeared  crimaon  for  an  exceedingly 
short  period.  I  am  not  aware  of  any  experiments  or  observations 
having  been  made  with  reference  to  the  subject  of  tbia  note, 
and  I  hope  to  have  no  further  opportunities  of  making  tbem,  at 
least  in  tbe  way  in  which  these  were  made,  but  tbe  point  is  a 
curious  one,  and  worthy  of  tbe  careful  attention  of  all  who  may  be 
forced  to  consider  it.  Professor  Clerk-Uaxwell  informs  me  that 
be  and  others  have  observed  that  tbe  loweat  of  the  three  colour  sen- 
sations is  tbe  first  to  evanesce  with  faintness  of  light,  and  that  it 
has  been  asserted  to  be  the  most  sluggish  in  responding  to  tbe 
sudden  appearance  of  light.  This,  however,  is  not  necessarily  anta- 
gonistic to  my  explanation,  but  will  rather,  if  my  explanation  be 
correct,  tend  to  show  a  greater  interval  between  tbe  awakening  of 
tbe  red,  and  that  of  the  other  colour  sensations  than  that  above 
hinted  at. 


3.  Od  the  Operator  ^v).     B;  Profesaor  Tait. 

(Abttraet.) 

By  combining,  as  above,  Hamilton's  linear  and  vector- function 
with  bis  celebrated  vector  square- root  of  the  negative  of  Laplace's 
operator,  an  operator  of  great  use  in  physical  applications  of  matbe- 
matiCB  is  obtained.  With  tbe  notation  employed  in  the  author's 
paper  "  On  Green's  and  other  Allied  Theorems,"  Trant.  B.S.£. 
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1870,  §  17,  it  ia  shown  to  be  generally  expressible  in  the  form  of 

where  a,  p,  y,  are  any  thtee  unit  vectors  (not  necesaarily  rectangu- 
lar), and  a„  /3„  7,,  any  three  vectors  whatever.  The  scalar  and 
vector  parts  of  the  result  of  its  operation  on  a  vector-function,  0^,  of  p 
are  first  considered — with  various  interpretatioiiB,  especially  as  to  dis- 
tortions, condensations,  &c.,  in  a  group  of  points — then  it  ia  exhi- 
bited in  its  applications  to  various  questioDS ;  especially  to  Physical 
Strain,  to  Heat,  and  to  Electricity.  By  making  the  constitaenta 
of  p  variable,  we  have  a  means  of  Deformation  specially  applicable 
to  problems  aucb  as  that  of  Orthogonal  Isothermal  Snrfaces. 


4.  Note  ou  Pendulum  Motion.  By  Professor  Tait. 
Mr  gang's  papers  in  recent  parte  of  the  Transactions  of  the 
Society  have  reminded  me  of  some  geometrical  constnictions  which 
are  to  a  certain  extent  indicated  in  Tait  and  SteeU'i  Dynomia  of  a 
/*(TrtiWc(l856).  Some  of  these  were  suggested  to  me  by  a  beaQtiful 
construction  given  (I  believe  by 
Clerk -Uax well)  in  the  CaitibTidgt 
and  Dublin  Math.  Journal,  Feb, 
1854,  the  others  by  a  very  simple 
process  which  occurred  to  me  for 
the  treatment  of  oscillations  in 
cycloidal  arcs.  The  former  en- 
ables US  easily  to  divide  the  arc  of 
oscillation  of  a  pendulum,  or  the 
whole  circumference  if  the  motion 
be  continuous,  into  two,  four, 
eight,  dfc,  parts,  which  are  de- 
scribed in  equal  times;  also  to 
solve  by  simple  geometrical  con- 
structions problems  such  as  the 
following  :  —  Given  any  three 
points  in  a  circle,  find  bow  it 
must  be  placed  that  a  heavy 
particle,  starting  from  rest  at  one  of  ihem,  msy  take  twice  as  long 
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to  pasa  from  the  second  to  the  third  as  it  takes  to  pass  from  the 
first  to  the  second.  It  suggested  to  me  the  followiog  theorem, 
which  reftlljr  involves  Mr  Sang's  results,  but  which  appears  to  be 
considerably  simpler  in  treatment,  this  being  m;  sole  reason 
for  bringing  it  before  the  Society. 

Let  DU  be  a  horizontnl  line,  and  let  DA  be  taken  equal  to  the 
tasgent  from  D  to  the  circle  BPC,  whose  centre  G  is  vertically  under 
D.  Also  let  PAQ  be  any  line  through  A,  cutting  in  Q  the  semi- 
circle on  AC.  Also  make  E  the  image  of  A  in  DM.  Then  if  P 
move  with  velocity  due  to  DM,  Q  moves  with  velocity  due  to  the 
level  of  £;  so  that  we  have  the  means  of  comparing,  arc  for  arc, 
two  different  continuous  forms  of  pendalum  motion,  in  one  of  which 
the  rotation  takes  place  in  half  the  time  of  that  in  the  other. 

Let  «>  be  a  small  increment  of  the  circular  measure  of  BAP,  then 

arc  at  Q  =  CA  . « ,  arc  at  P  = jq—  ■  ••  ■ 

Also, 

velocity  at  P  =  VSj.PM  =  J^ .  AP . 
Hi  nee, 

But 

PQ  =  VCP»  -  CQ» 


=  JGP*  -  CR .  CA  (where  QB  is  horizontal) 


Thus  Q  moves  with  velocity  due  to  the  level  of  E,  and  constant 
acceleration 


Tlie  second  process  referred  to  above  gives  at  once  the  means 
of  comparing  continuous  rotation  with  oscillation,  as  follovs — 
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Let  two  circles  touch  one  an- 
other at  their  lowest  points — 
compare  the  arcuol  motions  of 
points  F  and  p,  which  are  always 
in  the  same  horizontal  line. 
Draw  the  horizontal  tangent 
AB.  Then,  if  the  tine  UFp  be 
slightly  displaced, 


Arc  at  F  ^  AO     Mp  ^ 


ThuB,  if  F  move,  with  velocity  dae  to  g  and  level  o,  continnoasly 
in  its  circle,  p  oscillates  with  velocity  due  to 


■  AO' 


and  level  AB . 


Oombining  the  two  propoaitions,  we  are  enabled  to  compare  the 
times  of  oscillation  in  two  different  arcs  of  the  same  or  of  different 
circles. 

FrofesBOr  Cayley  bos  pointed  out  to  me  that  results  of  this  kind 
depend  upon  one  of  the  well-known  fundamental  trans  form  atiosB 
of  elliptic  fuuclions.  In  fact,  it  is  obvious  that  the  squares  of  the 
sines  of  the  quarter  arcs  of  vibration  which  the  combination  of  the 
above  proceasee  leads  us  to  compare  are  (in  the  first  figure), 


CA 


and  p^  lespeotively- 


Calling  them  -^  and  -r-j  ,  and  putting  DA  =  a,  AC  =  e, 

we  have 

1  e  1     _         2  J2ae  +  ^ 
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Lagrange's  trans formatioo  ia  equivalent  to 
2  .yrHiD.  6 


which,  for  limits  0  and  ain.— '— for  $,  givea  0  and  ain.— •-- for ^; 
and  we  thus  have 

dp  .    Ji;.    /  tW 

wboae  application  to  the  pendulum  problem  is  obviona. 


5.  On  the  Decompoeition  of  Forces  externally  applied  to  an 
Elastic  Solid.       By  W.  J.  Macquora  Bankine,  C.E., 
LL.D.,  F.R.SS.  Lond.  and  Edin. 
(Abalract.) 
The  principles  set  forth  in  this  paper,  though  now  (nitli  the 
exception  of  the  first  theorem)  published  for  the  first  time,  were 
commnnicated  to  the  French  Academy  of  Sciencea  fifteen  years 
ago,  in  a  memoir  entitled  "  de  I'Equilibre  int^rieur  d'un  Coipe 
Bolide,  ^lastiqiie,  et  homof^^ne,"  and  marked    with   the   mott(\ 
" Ohvia  couBpicimaa,  nnbem  pellenteMatbeai,"  the  recoiptof  which 
is  acknowledged  in  the  Conipies  Bendus  of  the  6tli  April  lSo7 
(vol.  xliv.  p.  706.) 

The  author  qnotea  a  theorem  discovered  by  him,  and  previously 

published   in    the    Philosopljical    Magazine   for  Bccember  1855, 

'  called  "  (he   Principle  of  laorrhopic    Axes,"    viz^    "  Every   aelf- 

DiqitlzscbyGOOqlC 


(112  Proceedings  of  the  Royal  Society 

balanced  Bystem  of  forces  applied  to  a  connected  syBtem  of  points, 
IB  ca{iable  of  resolution  into  tbree  rectangular  ByetemB  of  parallel 
self-balanced  forces  applied  to  the  same  points." 

Let  X,  &a.,  be  the  forces  resolved  parallel  to  any  three  ortho- 
gonal axes  ;  find  tlie  six  sums  or  integrals,  SX^,  SYy,  SZt,  %Yt  = 
SZ^,  ^Zx  =  2Xz,  SXi/  =  SYx  ;  these  are  called  the  "  rhopimetric 
coefficients."  Conceive  the  ellipsoid  of  whose  equation  these  are 
the  coefficients ;  then  for  the  three  ases  of  that  ellipsoid  (called 
the  "  isorrhopic  axes")  each  of  the  last  three  coeffioients  is  null; 
and  the  three  systems  of  forces  parallel  respectively  to  those  tbree 
aies  are  separately  self-balanced. 

The  theorem  may  be  extended  to  systems  of  moving  masses  by 

putting  X-m-T^,  &c.,  instead  uf  X,  &c.     If  for  any  system  of 

forces,  the  last  three  rhopimetric  coefficients  are  null,  and  the  first 
three  eqnal  to  each  other,  every  direction  has  the  properties  of  an 
isorrhopic  axis.  This,  of  course,  includes  the  case  in  which  all 
the  coefficients  are  null ;  and  in  that  case  the  system  of  forces  is 
said  to  be  "  Arrhopic."  The  author  shows  that  the  six  rhopimetric 
coefficients  of  a  system  of  forces  externally  applied  to  an  elastic 
solid,  being  divided  by  the  volume  of  the  solid,  give  the  mean 
values  throughout  the  solid  of  the  six  elementary  stresses.  Those 
are  called  the  "  Homalotatic  stresses." 

If  we  calculate  from  them  the  corresponding  externally  applied 
pressures,  these  may  be  called  the  "  Homalotatic  pressures." 

Take  away  the  homalotatic  pressures  from  the  actual  system  of 
externally  applied  pressures,  and  the  residual  presaurea  will  be 
arrhopic ;  that  is  to  say,  their  components  parallel  to  any  direction 
whatsoever  will  he  separately  self-balanced,  and  may  have  their 
straining  effects  on  the  solid  separately  determined ;  and  hence, 
the  axes  to  which  those  residual  pressures  are  reduced  may  be 
arbitrarily  chosen,  with  a  view  to  convenience  in  the  solution  of 
problems. 

The  author  then  demonatrates  that  those  problems  respecting 
the  distribution  of  stress  in  an  elastic  solid,  in  which  the  stresses 
are  expressed  by  constants  and  by  linear  functions  of  the  co-ordi- 
nates, are  all  capable  of  solution  independi^ntly  of  the  coefficients 
of  elasticity  of  the  substance. 
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■  Ou  Geometric  Mean  Diutauce.    By  Professor 
Clerk  Maxwell. 


7.  Oq  a  Singular  Case  of  Rectification  in  Lines  of  the 
Fourth  Order.    By  Edward  Sang,  Esq. 

The  class  of  curves  resulting  rrom  the  formula 
*  =  a  . Bin  tf  ,  y  =  b.ein  2  9 
are  of  coDsiderable  intereat  as  occurring  in  various  mechanical  in- 
quiries.    When  a  straight  wire,  whose  effective  breadth  and  thick- 
ness are  astwo  to  one,  is  fixed  at  one  end  and  made  to  vibrate,  its 
free  end  describes  a  curve  of  which  the  general  equation  is 

*  =T  a.sm($  +  k)  ,  y  =  6 .  sin  2  fl , 
in  which  k  is  constant  Tor  the  particular  variety  of  curve.  When 
k  ■■■=  -nr  the  curve  becomes  a  parabola,  and  when  A:  =  o,  it  takes 
the  form  above  mentioned ;  these  phases  were  eshibited  by  ma  in 
1832.  Again,  when  a  system  of  toothed  wheels  is  deduced  from  a 
straight  rack,  having  a  carve  of  sines  for  its  outline,  the  points  of 
contact  describe  a  curve  of  this  class,  as  is  shown  tn  my  treatise  on 
the  teeth  of  wheels. 

Id  attempting  the  rectification  of  these  curves,  we  have  tn  inte- 
grate an  expression  of  the  general  form 

rf/  =  {  a',  cos  fl"  +  4  y,  (cos  2  ey}^d$, 

and  for  this  purpose  have  to  expand  the  root  in  an  interminate 
series,  and  then  integrate  each  term,  the  result  being  unmanage- 
able from  its  complexity.  In  one  particular  phase  of  the  curve, 
however,  the  integration  can  be  easily  effected.  The  above  general 
expreesioD  may  be  written 

dl   -    {   let',  cos  ^  -I-  (a'-    166*)  COB  ^  -t-    4i.'}'(i*, 

and  we  readily  observe  that  if  a'  =  32  i',  that  is,  if  a  =  4  bn/^ 
VOL.  rii.  4  k 
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the  quantity  under  the  radical  eign  becomes  a  square,  and  in  IIiib 

dl={ib.<iOB6'-¥2b\de 
=      2b{coa2$  +  2]de, 
whence,  on  integrating,  we  at  once  obtain 

I  =  b{e\Ti?9  +  ie]  =  yibe . 

Tlie  espreBsioii  for  the  radius  of  curvature  also  takes  a  very  simple 
form,  it  is 

6      (coa  26  +  2y 
a/2  8iD  0 

No  other  curve  of  this  class,  nor  indeed  any  belonging  to  tlie  more 
general  formula 

«  =  a  .  sin  (p  fl  +  i)  ,  y  =  6.  Bin  (3  $)  , 

seeme  to  be  susceptible  of  easy  rectification. 

These  results  may  be  exhibited  geometrically  thus: — Having 
drawn  OA,  OB  in  the  directions  of  the  length  and  breadth  of  the 
curve,  and  described  round  0  a  circle  with  the  radius  OB  =  OC 
=  b,  let  OA  be  made  equal  to  four  times  CB,  and  an  bour-ghss 
curve  be  constructed  in  the  usual  manner.  Then,  having  as- 
sumed any  arc  CD  to  represent  b.2  6 and  drann  DFQ  parallel  to 
OA,  if  FP  be  laid  off  equal  to  a .  sin  9,  F  is  a  point  in  the  curve, 
and  the  length  from  0  to  P  is  equal  to  the  sum  of  OF,  and  tirice 
the  arc  CD. 

Hence  it  follows  that  the  portion  PQ  of  the  curve,  cut  oS*  by  the 
line  DQ,  is  juit  double  of  the  circular  arc  DBB,  cut  off  by  the  same 
line. 


Hence  it  appears  that  the  length  of  the  quadrant  OPQA  of  the 
curve  is  just  equal  to  the  ciicamference  of  the  circle,  or  that  the 
whole  curve  is  equal  in  length  to  four  times  the  circumference  of 
the  oirole  described  with  the  radius  OB. 
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Tlie  following  Glentlemen  were  admitted  Fellows  of  tlie 
Society : — 

David  Uaclaqam,  Esq.,  C.A. 

MajOI  RiCRABD. 

Dc  Jobs  Sibbald. 

Dr  J.  O.  Flehinq. 

Bev.  Andkbw  Tait,  LL.D. 

David  Obievb,  Esq. 

The  Bight  Bev.  Bibhop  Cottbrill. 

Oeobob  Babclay,  Eeq. 


Monday,  2Sih  January  187!i. 
The  Hon.  LORD  NEAVES,  Vice-President,  in  the  Chair. 
The  following  Conununicationa  were  read : — 

1.  On  the  Wheeling  of  Birds.    Bj  Professor  Fleeming 
Jenkin. 

2.  Notice  of  a  New  Family  of  the  Echinodermata.    By 

Professor  Wyville  Thomson,  LL.D.,  F.R.SS.L.  and  E., 

F.L.9.,  F.aS. 

Doriog  the  deep  sea  dredging  expedition  of  H.M.  ebips 
'  Lightning '  and  '  Porcupine,'  in  the  anrnmerB  of  1868-69  and 
1870,  two  or  three  nearly  perfect  Bpecimene,  and  a  numher  of  frag- 
ments were  procured  of  three  epecieg  of  regular  echinideans,  which 
were  referred  by  the  author  to  a  new  family,  the  Echinothuridee, 
intermediate  in  their  more  essential  characters  between  the 
Cidaridie  and  the  Biadematidte. 

In  these  urchins  the  test  is  circular  and  greatly  depressed.  The 
plates  of  the  perisom  are  long  and  strap-shaped,  and  the  iuter- 
ambnlacral  plates  overlap  one  another  regularly  from  the  apical 
towards  the  oral  poll,  while  the  ambulacral  plates  overlap  in  a 
similar  way  in  the  opposite  direction.  The  test  is  thus  flexible.^ 
The  plates  of  the  ambulacral  aie»  are  essentially  within  the  inter- 
ambuUcral  plates  which  over-lie  them  aloDg  their  out«i  edgtrd. 
The  ambulacral  pores  are  tri-gcntinBl.  arranged  in  wide  arcs',  the 
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two  pain  of  pores  of  each  arc  nhich  are  nearest:  the  centre  of  the 
ambulocral  area,  pierce  two  small  sc^eesory  plates  intercalated  be- 
tween the  amhulacral  plates,  while  the  oater  pair  passes  tbrougb 
the  ambulacrai  plate  itself  near  its  outer  extremity.  The  tnbe- 
feet  on  the  oral  surface  of  the  body  are  provided  with  terminal 
suckers,  supported  by  calcareous  rosettes,  while  those  on  the  apical 
surface  are  conical  aud  simple.  The  tube-feet  on  both  surfaces 
have  their  walls  supported  by  wide  cribriform  calcareous  plates. 

The  peristome  and  the  periproct  are  unusually  large.  The  edge 
of  the  peristome  is  entire,  without  branchial  notches,  and  the 
peristomial  membrane  is  uniformly  plated  with  twenty  rows  of 
imbricating  scales,  corresponding  with  the  rows  of  plates  of  the 
corona,  and  the  rows  of  ambulacial  tnbe-feet  are  continued  as  in  the 
Gidaridie,  over  the  peristome  up  to  the  edge  of  the  mouth.  The 
.ovarial  plates  are  unusually  large;  in  some  of  the  species  they  are 
broken  up  into  several  calcareous  pieces.  The  ovarial  apertures 
are  very  large,  and  are  partly  filled  up  with  membrane. 

The  dental  pyramid  is  wide  and  strong,  but  somewhat  low  on 
account  of  the  depressed  form  of  the  test.  The  epiphyses  of  the 
tooth-sockets  do  not  form  closed  arches  as  in  the  Echinidse,  and  in 
this  respect  resemble  those  of  Cidarit  and  Diadema.  The  teetli 
are  simply  grooved  as  in  Cidarit.  The  spines  are  hollow  and  com- 
paratively small,  and  the  larger  spines  show  a  tendency  to  the  spiral 
arrangement  of  projecting  teeth  which  is  bo  characteristic  of  the 
Diadematidn.  The  Fedicellariee  are  very  remarkable  in  form, 
more  nearly  related,  however,  to  those  of  the  Diadematidn  than 
to  any  others.  A  strong  fenestrated  fascia  traverses  the  body  cavity 
vertically  on  either  side  of  each  ambulacrai  area,  thus  nearly 
cutting  off  the  ambulacrai  from  the  inter- ambulacrai  region,  and 
allowing  only  a  small  space  for  the  coils  of  the  intestine. 

For  this  family,  distinguished  by  the  depressed  corona  of  imbri- 
cated plates,  the  peristome  covered  with  scales  through  which  the 
rows  of  ambulacrai  donble-pores  ore  continued  to  the  mouth,  the 
absence  of  branchial  notches  in  the  peristomial  border,  the 
peculiar  arrangement  of  the  ambulacrai  pores,  the  heterogeneity  of 
the  tube-feet  on  the  oral  and  apical  surfaces,  the  absence  of  closed 
arches  uniting  the  pairs  of  tooth -sockets,  and  the  abaence  of 
longitudinal  ridges  within   the    simple    grooved  teeth,  the  term 

DiqitlzscbyGOOqlC 


of  Edinburgh.  Session  1871-72.  617 

Echinothuridffi  was  piopoBed,  the  fosail-genua  Echinofhuria,  eaga- 
ciously  described  by  the  late  S.  P.  Woodward,  from  an  imperrect 
Bpecimen  from  the  apper  chalk  being  taken  as  the  type.  Tlie 
specimeDB  procured  were  refeired  to  two  genera  and  three  Bpeciee. 

In  the  genua  Phormotoma  the  plates  of  the  perisom  only 
slightly  OTerlap,  and  fit  bo  closely  as  to  fonn  a  complete  calcareous 
casing  withoat  acy  membranous  fenestrse.  Although  constructed 
essentially  on  the  same  plan,  the  apical  and  oral  surfaces  of  the 
test  differ  from  one  another  singularly  in  character,  the  oral  sur- 
face being  almost  uniformly  covered  with  large  areolar  depiesaloDB 
surrounding  spine  tubercles. 

One  species,  Phormotoma  plaetnla,  n.  sp.,  was  dredged  in  deep 
water  off  the  Butt  of  the  Iiews,  and  some  fragments  were  met 
with  in  gravel  from  the  Bockall  Channel, 

In  the  genus  Calveria,  the  plates  of  both  the  ambnlaoral  and 
inter-ambulacral  areas  form  large  expansions  towards  the  middle 
line  of  the  area,  while  the  outer  portions  of  the  plates  are  narrow 
and  strap-shaped,  leaving  large  fenestra  filled  up  with  membrane 
between  plate  and  plate.  The  oral  surface  of  the  body  does  not 
differ  markedly  in  character  from  the  apical. 

Two  species  of  this  genus  were  taken,  Galveria  hyttrix,  n.  sp., 
with  a  strong  perisom,  of  a  nearly  uniform  rich  claret  colour,  from 
deep  water  off  the  Butt  of  the  Lews;  andCa/verta/enestrata,  D.sp., 
more  delicate,  with  wider  spaces  between  the  plates,  the  body  of  a 
greyish  colour,  rayed  from  the  apical  pule  with  bright  chocolate. 

It  is  very  possible  that  the  genne  Atthenotoma,  described  by 
Professor  Grube,  may  belong  to  this  group,  but  the  description  of 
that  form  hitherto  given  is  not  sufficient  for  identification,  as  tl^e 
paints  of  structure  on  which  the  families  of  the  Echinidea  are  dis- 
tinguished from  one  another  are  not  noticed.  With  this  exception, 
the  form  which  most  nearly  resembles  them  is  Attropi/ga,  which, 
however,  is  in  every  respect,  except  in  habit,  a  true  Diadema,  with 
the  peristomial  margin  deeply  notched  for  external  hranobiie,  and 
all  the  other  characters  of  the  family. 
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3.  Oq  the  Friuctplea  which  regulate  the  Incidence  of  Taxes. 
By  Professor  Fleemiug  Jenkin. 

It  is  well  kcowQ  that  maDj  taxes  do  not  fall  ultimately  on  the 
penoD  from  whom  they  are  in  the  first  iDstance  levied.  The  mer- 
chant advances  the  duties  imposed  on  goods,  but  the  tax  ulti- 
mately falls  on  the  consumer.  The  problem  of  discovering  die 
ultimate  or  true  incidence  of  each  tax  is  one  of  great  importance, 
and  of  considerable  complexity.  Tbe  following  paper  contains  an 
investigation  of  tbe  methods  by  which  this  incidence  may  in  some 
cases  be  experim  en  tally  determined,  and  of  the  principles  regulat- 
ing the  incidence  in  all  cases,  these  principles  being  stated  in  a 
mathematical  form. 

Tbe  autbor,  in  a  paper  published  in  Becess  Studies,  expressed 
the  law  of  supply  and  demand  by  representing  what  may  be 
termed  tbe  demand  and  supply  funotions,  as  curves.  Tbe  ordi- 
aates  parallel  to  tbe  axis  OX,  fig.  1,  were  prices — tbe  co- 
ordinates parallel  to  tbe  axis  OY  were  tbe  supplies  at  each 
prioe,  and  the  demand  at  each  price  for  the  respective  curves — tbe 
market  price  is  then  indicated  by  tbe  ordinate  X  of  tbe  point  at 
which  tbe  curves  intersect,  tbis  being  tbe  only  price  at  which 
buyers  and  Hellers  are  agreed  as  to  the  quantity  to  be  transferred. 

We  might  wiite  tbe  law  algebraioally  as  follows,  calling  y  the 
quantity  of  goods  in  tbe  market,  at  each  price  ce,  we  have  y  ==  p«; 
and  calling  y,  tbe  quantity  of  goods  demanded  at  each  price,  we 
have  y^  =  7i^!  the  market  price  is  determined  by  tbe  equation 
y  =  y^.  There  is,  however,  little  or  no  advantage  in  adopting  this 
algebraic  form,  because  we  cannot  suppose  that  in  any  instance 
^z  or  p,:c  will  be  any  tolerably  simple  algebraic  function,  whereas 
tbe  curve  for  given  goods  might  be  determined  experimentally  by 
observing  from  year  to  year  variations  of  quantities  bought  or 
quantities  supplied  at  various  prices. 

Professor  Jevons  has  since  given  a  much  more  complex  algebraic 
representation  of  tbe  same  law,  which,  however,  reduces  itself  to 
tbe  above  simple  form. 

Tbe  graphic  method  may  also  be  employed  to  indicate  the 
advantage  gained  by  each  party  in  trade,  and  to  show  bow  it  may 
be  estimated  in  money.     Let  tbe  two  curves  indicate  the  demand 
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and  supply  at  eaoh  price  for  a  certain  kind  of  goods.  If  all  sellerB 
were  of  one  mind,  and  were  willing  to  supply  all  their  goods  at 
a  given  price  x,  and  were  quite  determined  to  sell  no  goods  below 
that  price,  the  snpply  cnire  would  be  a  mere  straight  line  parallel 
to  OX,  and  ending  abruptly  at  the  ordinate  raised  at  x.  Similarly, 
if  all  buyers  were  of  one  mind,  and  would  only  buy  below  a  given 
price  X,  but  were  willing  to  buy  all  they  want  at  that  price,  and  no 
more  at  any  lower  price,  the  demand  curve  would  be  a  line  parallel 
to  OX  ending  abruptly  at  the  ordinate  raised  at  x,  and  the  price 
would  be  qnite  indeterminate.  If  the  two  lines  overlapped,  trans- 
actions might  take  place  at  any  price  between  that  at  which  the 


Fig.  1. 

aelleis  were  willing  to  sell  and  the  buyers  willing  to  buy ;  there 
would  in  this  case  be  no  market  price.  This  case  does  not  repre- 
sent the  true  state  of  either  buyers'  or  sellers'  minds  in  any  real 
large  market.  There  are  always  a  fawholders  who  would  only  sell  if 
the  price  were  much  higher  than  the  market  price, — these  are  the 
people  who  expect  prices  to  rise;  there  are  some  who  are  just  willing 
to  sell  at  the  market  price,  but  who  will  not  sell  a  penny  below;  and 
there  are  others,  weak  holders,  who  expect  prices  to  fall,  and  these 
would  really,  if  pushed  to  extremity,  sell  below  the  market  price. 
This  condition  of  things  is  represented  by  the  supply  curve  in  fig.  1. 
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Similu'Iy,  there  are  a  few  buyers  who,  if  pushed  to  eKfremity, 
would  buy  some  goods  above  market  price ;  some  also  will  just 
buy  at  market  price ;  some  will  not  buy  unless  the  price  is  below 
market  price.    This  ie  lepreseoted  by  the  demand  curve. 

Now,  I  contend  that  when  the  market  price  is  fixed,  tfaosa 
traders  who  are  perfectly  indifTerent  whether  they  buy  or  sell  at 
that  price  reap  no  benefit  by  the  trade;  but  these  will  be  few  in 
number. 

Looking  at  the  demand  curve,  the  ordinate  X.  fVom  the  axis  OT 
to  A  represents  the  value  set  on  some  of  the  goods  by  some  buyers, 
but  these  buyers  have  got  the  goods  for  the  sum  represented  by 
the  ordinate  x  =  OM ;  the  difference  l^tween  these  two  ordinates 
X,  —  j;  is  the  difference  in  price  between  what  was  given  and  what 
might  have  been  given  for  a  certain  small  quantity  ^  of  goods- 
^  is  therefore  the  benefit  reaped  by  buyers  from  the  purchase 
of  the  quantity  ^1/ ;  and  integrating  the  benefits  derived  from  the 
sale  of  each  successive  quantity,  we  find  the  area  UDCBAN 
represents  the  whole  gain  to  buyers  by  the  purchase  of  the  quantity 
y  of  goods.  Similarly,  it  is  easy  to  show  that  the  area  UDciaP 
represents  the  gain  to  sellers  by  the  same  transaction  ;  these  areas 
represent  the  gain  in  money.  Each  product  ^y(x  ~  X^)  being 
the  product  of  a  quantity  by  the  gain  in  money  per  unit  of  quantity. 

Thus  the  whole  benefit  to  the  two  leading  communities  is  repre- 
sented by  the  sum  of  the  two  above  named  areas,  and  the  reparti- 
tion of  the  benefit  between  the  two  communities  is  perfectly 
definite. 

Professor  Jevons  has  used  curves  to  integrate  what  he  terms  the 
utility  gained  by  exchange  in  a  manner  analogous  to  the  above ; 
but  utility,  as  he  defines  it,  admits  of  no  practical  measurement, 
and  he  bases  his  curve,  not  on  the  varying  estimates  of  value  set 
by  different  individuals  each  on  what  he  has  or  what  he  wants,  but 
on  the  varying  utility  to  each  individual  of  each  increment  of 
goods.  The  above  estimate  of  the  gain  due  to  trade,  deduced  from 
the  demand  and  supply  curves  as  originally  drawn  in  my  Secess 
Studies'  article  is,  I  believe,  novel,  and  gives  a  numerical  estimate 
in  money  of  the  value  of  any  given  trade,  which  might  be  approxi- 
mately determined  by  obEerving  the  effect  of  a  change  of  prices  on 
the  trade;  the  curves  throughout  their  whole  lengths  could  cer- 
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tainlf  notj  in  tnoet  cases,  be  deteimined  b;  experiment,  bat 
atatisticB  gathered  through  a  few  years  would  show  approximately 
the  steepnfSB  of  each  curve  Dear  the  market  price,  and  this  is  the 
most  important  informatioD. 

A  steep  supply  curve  and  a  horizontal  demand  curve  indicate 
that  the  buyers  reap  the  chief  benefit  of  the  trade.  Tlie  eellere,  if 
producer,  may,  however,  be  making  important  profits  as  capitalists 
and  labourers. 

A  steep  demand  cnrve  and  a  level  supply  curve  indicate  that  the 
sappliere  are  chiefly  benefited  by  the  trade;  the  community  or 
body  which  ia  most  ready  to  atiandon  the  trade  if  the  price  in- 
creases a  little,  benefits  least  by  the  trade. 

When  the  traders  are  producers  and  consumers,  the  benefits 
ei)timat«d  in  this  way  as  due  to  the  trade  are  not  the  only  benefits 
reaped  by  the  community  from  the  manufacture. 

In  this  case,  what  is  termed  the  supply  curve  depends  on  the 
cost  of  production  of  the  article,  including  that  interest  on  capital 
and  that  remuneration  for  skilled  superintendence  which  is  neces- 
sary to  induce  the  producer  to  employ  his  capital  and  skill  in  that 
way.  The  cost  of  production  increases  generally  with  the  quantity 
of  the  article  produced,  otherwise  tlie  supply  curve  would  be  a  straight 
vertical  line;  but  as  a  matter  of  fact,  to  produce  an  increase  of 
production  a  rise  of  price  is  necessary,  indicating  that  only  a  few 
men  with  little  capital  are  content  with  a  small  rate  of  interest  and 
small  remuneration  for  their  skill,  but  that  to  induce  many  men 
and  much  capital  to  he  employed  in  the  particular  manufacture,  a 
large  rate  of  interest  and  considerable  remuneration  are  required, 
hence  the  supply  curve  will  be  such  as  Bhown  in  fig.  2,  where  the 
price  OP  is  that  price  or  cost  of  production  which  is  JuRt  sufficient 
to  tempt  a  few  producers  to  produce  a  little  of  the  article. 

Then  if  OP'  is  the  actual  cost  out  of  pocket  required  to  produce 
a  small  quantity  of  an  article,  and  if  OP  is  the  lowest  cost  at 
which  any  manufacturer  can  afford  to  produce  it,  the  area  PD'DM 
represents  the  whole  profit  to  the  prodacing  capitalist  when  tlje 
price  is  OK.  The  line  DT'  is  not  necessarily  parallel  to  DP, 
nor  vertical,  the  bare  cost  of  production  of  the  article  generally  in- 
creases as  the  quantity  increases;  and  in  that  case  D'P'  is  not  verti- 
cal    Again,  the  rate  of  interetit  required  to  tempt  additional  capital 
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into  a  particular  field  is  not  coDBtaat,  but  increases,  hence  F'D'  is 
steeper  than  FD.  I  see  at  present  no  means  or  ex  pe  rim  en  tally 
ascertaining  the  gain  reaped  by  producers  represented  by  the  area 
FDD'F' ;  it  can  be  approximately  estimated  by  considering  the  pre- 
Tailing  rate  of  interest  in  the  producing  commnnity  and  the  amount 
of  capital  required  for  the  production  of  the  unit  of  the  article. 


Fig.  2. 


We  see  that  the  gain  of  a  manu^turing  capitalist  may  l>e 
divided  into  two  parts — the  profit  as  a  trader,  and  the  interest  as  a 
capitalist. 

Id  safe  trades,  where  there  are  few  fluctuationB  in  price,  the 
former  gain  may  perhaps  be  the  most  important;  in  more  specu- 
lative trades  the  latter. 

There  is  yet  a  third  source  of  gain  to  .the  mannfacturiDg  com- 
munity: the  labourer  who  produces  the  goods  earns  his  wages  by 
the  manufacture,  and  this  is  an  advantage  to  him.  In  the  diagram, 
the  area  OF'D'D'  represents  the  nagen  paid  for  labour  alone. 
The  length  of  the  lines  between  Of  and  P'D'  repre§ent  the  wages 
of  labour  per  unit  of  goods,  increasing  as  the  quantity  of  goods 
required  increases.  This  is  loet  to'  the  community  ir  the  manu- 
facture is  stopped.  Thus  the  whole  sum  paid  by  the  consumer  is 
the  area  OUDD';  and  tlib  is  made  np  of  three  parts,  one  of  nbich 
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is  the  profit  to  the  trader,  odb  the  interest  to  the  capitalist,  and 
one  the  wages  of  the  labourer;  all  these  advantages  are  lost  if  the 
manufactnre  ceases. 

The  gain  of  the  labourer  does  not  resemble  the  profit  of  the 
trader,  or  the  interest  of  the  capitaliBt.  Tlie  profit  of  the  trader  is 
the  difference  between  his  valuation  of  the  goods  and  what  he 
gets  for  them.  If  he  does  not  sell  his  goods  he  still  has  his 
goods,  he  only  loses  the  profit.  Similarly,  if  the  capitalist  does  not 
sell  his  capital,  he  still  has  his  capital.  Now,  the  area  P'PBE' 
r^ieeents  the  profit  made  by  the  capitalist  on  the  particular 
employment  of  his  capital,  and  tbia  is  all  that  he  loses  if  unable  to 
sell  that  capital ;  hut  the  area-  OP'D'D"  represents  the  whole  sum 
received  by  the  labourers,  not  tbeir  profit.  The  profit  of  the 
labourer  may  perhaps  be  considered  as  the  excess  of  wages  which 
he  earns  in  a  particular  trade,  over  that  which  would  just  tempt 
him  to  work  ralher  than  starve  or  go  into  the  workhouse. 

If  the  consumer  purchases  the  article  for  simple  unproductive 
consumption,  then  the  loes  to  him  is  only  represented  hy  the  area 
D&fN.  If,  however,  a  community  purchases  goods,  and  consumes 
them  productively,  then,  by  the  cessation  of  the  trade,  they  in  theii 
turn  lose  the  interest  on  the  capital  they  employ,  and  the  lahoureis 
of  the  community  lose  theit  w(^;es ;  so  that,  in  that  case,  the  loss 
to  the  buyer,  who  cannot  be  classed  as  an  immediate  consumer,  is 
made  up  of  three  parts,  similar  to  those  enumerated  in  the  case  of 
the  seller. 

Tazei  on  I^vde. 

Having  distinguished  between  the  three  distinct  advantages 
given  by  trade,  I  will  now  consider  the  incidence  of  a  tax  on  trade, 
levied  as  a  fixed  sum  per  unit  of  goods,  as  one  pound  per  ton,  or 
one  shilling  per  gross. 

The  effect  of  snch  a  tax  is  to  produce  a  constant  difference 
between  the  price  paid  by  the  buyer  and  the  price  received  hy  the 
seller.  The  market  prices  are  determined  in  the  diagram  of  the 
supply  and  demand  curves,  by  the  points  between  which  a  line 
parallel  to  OX,  and  equal  in  length  to  the  tax,  can  be  filled  between 
the  two  curves. 

Thus,  if  ID  figure  3,  FN  be  the  demand  curve,  and  PE  the 
supply  curve,  and  if  the  length  of  the  line  GC'  be  the  amount  of 
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the  tax  per  unit  of  goods,  then  OM  is  the  market  price  to  the 
supplier,  OM'  the  market  price  to  the  buyer  and  the  difference 
Mm'  is  equal  to  the  tax. 
'     The  total  amount  raised  by  the  tax  from  the  traoBactioDS  repre- 
sented in  the  diagram,  is  measured  by  the  area  JfCC'H'.    The 
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Fig.  3. 

portion  paid  by  the  seller  is  measured  by  the  area  CC'U'M.  The 
portion  paid  by  the  buyer  is  measured  by  the  area  CC'M'H".  The 
whole  loss  entailed  by  the  tax  on  the  two  communities  is  measured 
by  the  area  MCDG'M' ;  the  loss  to  the  sellers  is  measured  by  tbe 
area  CDMTfl;  the  loss  to  the  buyers  by  the  area  MTCTi'; 
both  buyers  and  sellers  suffer  a  loss  beyond  the  tax  they  [my.  This 
excess  of  loss  is  represented  by  the  area  CCD  for  the  sellers,  and 
C'CD  for  the  buyers. 

If  the  tax  be  large,  the  line  CC  will  approach  the  axb  OX,  the 
tax  will  be  unproductive,  and  the  area  CCD  repieseuting  the  excess 
of  injury  to  tbe  buyers  and  sellers  will  be  large,  compared  with  tbe 
produce  of  the  tax.    This  fact  is  one  justification  of  free  trade. 

There  is  a  certain  magnitude  of  tax  which  will  produce  the 
maximum  revenue  or  value  for  tbe  area  UCC'U'.  The  ratio  in 
whiuh  the  tax  falls,  in  one  sense,  on  sellers  and  buyers  is  simply 
the  ratio  of  the  diminution  of  price  obtained  by  the  eellera  to  the 
incream  of  price  paid  by  the  buyers. 

It  b  absolutely  clear  that  this  is  the  proportion  in  which  the  tax 
in  actually  paid  by  the  two  parties,  although  this  may  by  no  means 
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correspoDtl  lo  tlie  relative  suffering  inflicted  on  tlie  two  parties,  nor 
is  it  even  the  proportion  in  which  the  two  parties  lose  by  the  loss 
of  trade  profit.  The  whole  loss  of  either  party  is,  as  the  diagram 
shows,  always  greater  than  the  tax  they  pay.  The  relative  total 
losBBB  of  tlie  two  communities  as  traders,  are  in  proportion  to  the 
areas  UCDM'  and  M'C'DM';  and  these  areas  might  approxi- 
mately, at  least,  be  ascertained  by  experiments  for  this  porpose, 
treating  CD  and  C,D  as  straight  lines,  ve  only  require  to  know  the 
quantity  and  price  of  the  goods  before  the  imposition  of  the  tax, 
and  the  quantity  and  price  afterwards. 

Thus,  if  a  tax  of  2d.  per  pound  wete  imposed  on  the  trade  in 
cotton  between  ourselves  and  America,  if  before  the  tax  we  imported 
500  million  lbs.  at  one  sliilling,  and  after  tlie  tax  300  million  lbs. 
for  which  we  paid  13}d.,  and  the  Americans  received  ll^d.,  the 
total  loss  to  the  two  communities  as  traders  would  be  600  +  200  - 
800  million  pennies,  the  produce  of  the  tax  600  million  pennies. 

England  would  pay  of  the  tax  450  million  pennies.  England's 
total  loss  would  be  600  million  pennies.  America  would  pay 
of  the  tax  150  million  pennies.  America's  total  loss  would  be 
200  million  pennies.  The  incidence  would  be  the  same  whichever 
government  levied  tbe  tax. 

It  follows  from  the  above  principles,  that  if  a  holder  sells  unre- 
servedly, trusting  to  the  competition  between  the  buyers  to  produce 
the  market,  the  whole  tax  falls  on  the  seller;  the  supply  curre 
becomes  a  vertical  straight  line.  If  a  hnyer  buys  unreservedly, 
the  whole  tax  falls  on  him ;  in  this  case  the  demand  curve  becomes 
a  vertical  straight  line. 

Thus,  if  sales  by  auction  were  subject  to  a  tax  ad  valorem  or 
otherwise,  and  if  sales  were  quite  unreserved,  tbe  number  of  trans- 
actions not  being  altered,  tbe  prices  would  be  unaltered,  but  the 
sellers  would  only  get  the  prices  minus  the  tax. 

.This  case  does  not  practically  arise,  because,  if  auctions  were 
really  so  taxed,  although  in  each  auction  that  occurred  the  sale 
might  be  unreserved,  auctions  would,  as  a  whole,  be  checked ;  fewer 
people  would  put  up  thsii  goods  for  sale  in  that  way, — the  prices 
would  rise,  the  number  of  transactions  would  be  diminished,  and 
tbe  tax  would  really  be  borne  in  part  by  the  buyers  and  part  by 
the  sellers. 
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ir  the  trarle  between  two  countries  really  coDsistB  in  the  exchange 
of  goods,  effected  by  the  agency  of  money  as  a  nnit  for  expressing 
value,  but  not  involving  the  actual  transfer  of  coin,  the  above  prin- 
ciples shoT  the  whole  gain  by  the  exchange  to  be  the  snm  of  two 
gains  which  each  party  would  make  by  each  trade  if  it  alone 
existed. 

If  by  duties  one  portion  of  the  trade  be  extinguished  or  much 
diminished,  both  parties  lose,  but  if  the  other  portion  of  the  trade 
remain  uninjured,  then,  although  there  may  be  no  exchange  of 
commodities  other  than  of  goods  for  actaal  money,  nevertheless 
the  full  gain  on  that  which  is  untaxed  remains  intact.  Thus, 
although  the  French  may  tax  our  goods,  and  so  inflict  a  loss  on 
tliemselves  and  on  us,  this  is  no  reason  for  oni  inflicting  an  addi- 
tional loss  on  the  two  communities  by  taxing  the  import  of  tlieir 
goods. 

Hoiite  Rent. 

I  will  next  consider  the  effect  of  a  tax  on  house  rent. 

Landlords  are  here  the  sellers,  and  tenants  the  buyers  of  what 
may  he  termed  a  commodity ;  not  the  house,  but  tlie  loan  of  a 
house  for  a  term  of  years — the  tenant  buys  what  might  be  called, 
hy  the  extension  of  a  suggestion  of  Profesfor  Jevons,  a  hovte-year 
from  his  landlord. 

The  difference  between  the  house  and  other  commodities  such  as 
food  or  dress  is,  that  the  house  remains,  whereas  they  are  consumed. 
The  house-year  is  consumed  year  by  year,  but  it  is  reproduced  year 
by  year  without  material  fresh  ex[ienditure  on  the  part  of  the 
landlord.    This  permanency  alters  the  incidence  of  taxation. 

If  the  demand  falls  off  the  landlord  cannot  remove  his  house- 
he  cannot  cease  to  produce  his  house-year,  which  therefore  he 
must  dispose  of.  Hence,  in  a  stationary  or  declining  community, 
where  no  new  honses  are  being  built,  but  where  year  after  year  a 
sensible  proportion  remains  unoccupied,  the  landlord  must  sell  his 
hoQse-year  unreservedly,  and  any  tax  imposed  on  bouse  rent  would 
fall  on  him  alone ;  that  is  to  say,  he  would  receive  a  rent  dimin- 
ished by  the  full  amount  of  the  tax,  and  the  tenant  would  pay  no 
more  rent  for  a  house  of  a  given  class  than  if  no  tax  were  imposed. 
The  supply  curve  becomes  a  straight  horizontal  line,  and  is  un- 
affected by  the  fax  ;  the  demand  curve  is  equally  unaffected  by 
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the  tax ;  the  unmber  of  houaes  let  id  uuaUered  by  the  tax,  but  the  ' 
laiidlords  lose  as  rent  the  whole  amount  raised  by  taxatioa. 

This  reaeonJDg  is  baaed  od  the  aBHumption,  that  the  supply  curve 
has  become  a  straight  horizontal  lioe  unaffected  by  the  tax.  Tbia 
condition  is  altered  in  any  piospeiuuH  or  growing  community. 
Tliere,  new  houBes  mnat  he  hnilt,  and  a  conBiderable  number  of 
honses  are  always  unlet,  not  because  they  are  not  required  by  the 
community,  but  because  the  speculative  builders  are  holding  out 
for  higher  terms.  This  produces  a  supply  curve  of  the  kind 
common  to  all  other  kinds  of  goods.  At  higher  prices  more  goods 
are  forthcoming.  A  newly  imposed  tax  wilt  then  be  distributed 
between  sellers  and  buyers,  landlords  and  tenants  in  a  manner 
depending  on  the  form  of  these  curves.  A  seuBible  check  will  be- 
given  to  the  letting  of  houses,  tenants  will  be  content  with  some- 
what less  good  houses,  and  landlords  with  rather  smaller  rents. 
This  is  the  immediate  effect  of  the  lax — the  greater  portion  would 
probably  fall  on  the  landlords  at  first,  at  leant  in  the  new  houBee 
where  fresh  contracts  are  being  made.  But  after  a  few  years  tbe 
conditions  would  have  altered.  New  houses  are  only  built  because 
the  builders  obtain  the  usual  trade  profit  and  interest  on  their 
capital — ^the  check  to  letting  consequent  on  the  imposition  of  the 
tax  will  therefore  diminish  the  supply  of  new  houses  until,  owing  to 
diminution  in  supply,  rents  have  rieen  to  their  old  average.  Then 
builders  resume  tljeir  operations.  The  whole  tax  by  that  time  will 
be  borne  by  the  tenants;  that  is  to  say,  if  there  were  no  tax  they 
would  get  their  houses  cheaper  by  the  precise  amount  of  the  tax, 
becanae  rents  so  diminished  would  suffice  to  induce  spRcnlative 
builders  to  supply  them.  The  rents  through  the  whole  town  are 
ruled  by  those  of  the  new  districts.  There  is  a  certain  relative 
value  between  every  house  in  the  town,  and  if  the  rents  of  new 
houses  are  dearer  the  rents  of  the  old  houses  are  increased  in  due 
t>roportion.  In  fact,  when  new  houses  need  to  be  supplied  year  by 
year,  houses  are  commodities  which  are  being  produceil,  and  the 
tax  falls  on  the  consumers. 

The  above  principles  deteriuine  tlje  incidence  of  a  tax,  whether 
nominally  levied  on  the  landlord  or  tenant,  but  in  their  application 
account  must  be  taken  of  the  mental  inertia  of  both  landlords  and 
tenants,  as  well  as  of  the  foot  that  many  contracts  for  houses  are 
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not  immediately  terminable.  Tlieee  two  conditions  will  for  the 
£rst  few  yean  after  the  impoaition  of  anjr  new  tax  cause  it  to  fall 
OD  the  party  from  whom  it  is  naminall;  levied. 

Precisely  as  a  tax  on  trade  not  only  falls  on  the  traders,  bnt 
injures  capitalists  and  labourers,  a  tax  on  house  reats  iajuree  the 
capitalists  who  build  houses  and  the  laloorers  they  employ — not 
that  the  capitalist  pays  the  tax,  but  he  is  prevented  from  finding  a 
usefnl  investment  for  his  money  owing  to  the  diminution  in  the 
number  or  quality  of  houses  required. 

Tares  on  Land. 

The  question  of  the  incidence  of  taxes  on  land  is  peculiarly  in- 
teresting. Land  differs  from  all  other  commodities,  inasmuch  as 
the  quantity  of  it  does  not  depend  on  the  will  of  any  producer. 
The  number  of  houses  in  a  flourishing  community  does  depend  on 
the  will  of  speculative  builders;  but  land  can  only  be  increased  in 
quantity  by  such  processes  as  enclosing  commons,  or  breaking  np 
private  pleasure  grounds.  We  will  neglect  these  small  disturbing 
iufluencee,  and  assume  that  all  the  land  in  a  country  is  available  for 
cultivation,  where  such  cultivation  is  profitable;  and  that  the  absence 
of  profit  is  the  only  reason  fur  neglecting  to  cultivate  any  portion  of  it. 

It  is  well  known  that  the  rent  of  each  acre  of  land  is  simply  the 
excess  of  annual  value  of  that  acre  over  the  annual  value  of  the 
poorest  land  which  teuants  think  it  worth  while  to  cultivate.  We 
may  classify  all  land  according  to  the  total  return  which  it  will 
yield  per  acre  upon  capital  invested  in  its  cultivation ;  and  we  may 
draw  a'supply  curve  of  land  sucb  that  the  ordinates  will  be  the  total 
quantities  of  land  which  will  return  each  successive  percentage  on 
the  capital  required  to  cultivate  it.  The  supply  diminishes  as  the 
rate  of  percentage  increases,  that  is  to  say,  there  is  less  land  which 
will  return  ten  per  cent,  on  the  capital  than  will  return  five  per 
cent.,  and  still  lees  land  which  will  returu  twenty  or  thirty  percent. 

If,  therefore,  tenants  as  a  body,  considered  as  capitalists,  will  not 
cultivate  any  land  which  does  not  yield  twenty  per  cent.,  there  will 
be  far  less  land  in  the  marfcetthanif  they  will  he  just  satisfied  with 
ten  per  cent. 

Again,  all  tenants  are  not  of  one  mind,  and  we  may  construct  a 
demand  curve  in  which  the  ordinates  are  the  total  quantities  of 
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land  which  would  be  let,  if  the  Und  paying  no  rent  be  fixed  at 
each  sncceseive  peroentage.  The  actual  quantity  of  land  let  vill 
be  determined  by  the  interseotion  of  tbe  two  cnrreB,  and  is  repre- 
sented by  tbe  height  MX),  fig.  4. 

If  we  now  bnild  a  aolid  on  the  base  OD'DN,  such  that  its  height 
all  along  each  ordinate  x  is  the  nnmber  of  hundreds  of  poundB  of 
capital  per  acre  required  to  give  the  peroentage  correeponding  to 
the  length  x,  then  we  shall  have  a  vulume  standing  on  (OD'DN), 
the  contents  of  which  will  measure  tbe  total  annual  returns  from 
all  the  land  cultivated.*  The  rent  is  the  volume  standing  on 
MDN,  the  profit  received  by  the  farmers  is  the  volume  standing 
on  OD'DM,  and  this  is  in  excess  of  what  would  have  just 
tempted  them  to  cultivate  by  tbe  volume  MBP.  We  may, 
therefore,  coDsidering  the  farmer  as  a  capil«list  and  a  trader,  call 
the  volume  on  MDP  his  trade  profit,  and  the  volume  on  OD'D 
the  interest  on  his  capital. 
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The  eSntit  of  any  tax  on  the  land  is  to  reduce  the  int«rest  which 
each  class  of  land  is  capable  of  returning  on  the  capital  employed. 
This  it  will  do  in  very  different  ways  according  to  the  manner  in 
which  the  tax  is  levied. 

■  If  L.IGO  per  acre  are  requited  to  give  the  percentage  x  of  any  one  class  of 
goodi,  the  heiglit  of  the  ordinate  porpendicnlar  to  the  plane  of  ODDN  will 
bel-fi. 
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If  the  tax  be  an  ai  vahrem  dnty  on  rent,  it  will  modify  the 
supply  curve  only  between  D  and  \.  There  will  remain  juBt  u 
much  land  as  before  capable  of  paying  rates  of  interest  less  than 
OM,  bat  the  quantity  of  land  capable  of  paying  the  higher  rates 
will  be  diminished ;  in  other  words,  the  rate  of  interest  which  the 
poorest  land  worth  cultivating  pays  will  not  be  affected,  for  this 
land  pays  no  rent  and  remains  untaxed — hence  no  land  will  be 
thrown  out  of  cultivation,  but  the  supply  carve  will  be  altered  from 
DN  to  DN',  diminiabing  the  volume  representing  rent,  but  leaving 
the  other  quantities  untouched ;  hence  any  tax  assessed  on  rent 
is  paid  wholly  by  the  landlord.  The  amount  of  the^tax  is  the 
volume  standing  on  DNN'.  It  is  cnrious  to  remark  that  this 
tax  in  no  way  falls  on  the  consumer.  The  tax  on  rent  sim- 
ply diminishes  the  excess  of  value  which  some  land  has  over 
others;  no  land  is  thrown  out  of  cultivation,  and  no  less  capital 
employed  in  production  than  before;  no  one  suffers  bat  the 
landlord.  If,  instead  of  being  assessed  on  the  rent,  the  tax  is 
assessed  on  the  produce  of  the  cultivation,  the  incidence  of  the  tax 
wilt  be  greatly  modified.  The  cultivation  of  land  will  no  longer 
be  so  profitable;  t.e.,  tho  returns  from  capital  employed  on  the 
land  will  be  less ;  in  other  words,  the  whole  supply  curve  of  the 
land  will  be  modified,  falling  everywhere  if  the  prodace  taxed  be 
that  which  is  produced  on  all  qualities  of  land.  Some  land  will 
fall  out  of  cultivation,  and  only  part  of  the  tax  will  be  home  by 
the  landlord;  part  will  fall  in  the  first  instance  on  the  tenant,  but 
he,  like  any  other  manufacturer,  will  recover  almost  the  whole 
of  hie  portion  from  the  consumer.  Tenants  will  be  injured  by 
the  limitation  of  the  number  of  transactions,  and  labourera  by  the 
diminution  in  the  amount  of  work  required.  This  is  the  effect  of 
an  octroi  duty. 

Sometimes  a  tax  is  assessed  not  on  the  rent,  but  on  au  asaumed 
value  per  acre.  Sach  a  tax  can  never  be  raised  on  land  which  pays 
no  rent,  for  the  owner  would  rather  abandon  possession  of  the  land 
than  pay  the  tax.  It  might,  however,  lead  to  the  abandonment  of 
the  cultivation  of  poorer  soils;  it  would  then  injure  tenants  and 
consumers,  although  they  would  not  pay  one  penny  of  the  tax ;  for 
taxes  caunot  be  paid  out  of  lands  which  lie  waste;  assuming  that 
the  tax  is  always  less  than  the  rent,  as  it  certainly  always  should 
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be,  it  will  be  paid  wholly  by  the  laodlords.     The  tax  in  this  case 
does  not  diminish  the  supply  of  land. 

A  cognate  queatioa  of  great  interest  is,  Wbo  reape  the  benefit  of 
any  improvements  in  agriculture,  making  land  return  more  than  it 
praviouBly  did  1  This  impmrement  may  require,  and  probably  will 
require,  increased  iuveBtmeut  of  capital.  The  whole  enpply  curve 
will  be  raised;  assuming  the  demand  to  remain  the  same,  fig,  5, Ml)* 
will  be  the  new  increased  number  of  acres  in  cultivation,  but  land 
will  be  left  uncultivated  which  would  have  returned  the  interest 
OU  on  capital.  The  volume  standing  on  B'CN'  will  be  much 
greater  than  that  on  DDN,  for  the  thiril  dimension  will  also  have 
increased :  the  average  rate  of  interest  and  the  trade  profit  of  the 
tenant  will  have  increased,  and  it  is  highly  probable  that  the 
volume  standing  on  D^''N''  may  be  greater  than  that  which 
stood  on  DNM ;  but  this  is  by  no  means  certain.  It  might  at  first 
be  actually  smaller.  In  all  probability,  however,  the  demand 
curve  is  very  nearly  vertical,  a  small  increase  of  profit  tempting  a 
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Fig.  5. 

largely  increased  investment  of  capital  in  farming.  If  this  be  so, 
then  the  landlord  also  reaps  considerable  benefit  from  the  improve- 
ment, for  if  the  farmera  were  contented  with  nearly  the  same  rate 
of  interest  as  before,  the  eolid  standing  on  DBNN'D'  which  he 
gains  would  be  larger  than  the  solid  on  DBMHH  which  he  loses; 
moreover,  the  volume  on  BNU ",  which  he  retains,  is  increased. 
Labourers  and  consumers  also  gain. 
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4.  Additional  Notes  on  tbe  Occurrence  of  the  Sperm-Wbale 
in  the  Scottish  Seas.    By  Professor  Turner. 

Id  a  comraunication  made  to  tbie  Society  on  tbe  6th  Febmary, 
1871, 1  nat«d  the  capture  of  a  eperm-whale  at  Oban  in  May,  1829, 
and  I  collected  from  various  eourcee  records  of  the  stranding  of 
seven  additional  epecimeiiB  on  the  Scottish  coastn. 

Since  that  communication  was  published,  e.  large  Fperm-whale 
has  come  ashore  on  the  nest  coast  of  the  Isle  of  Skye,  some  parti- 
culars coucemiDg  which  I  propose  to  relate  in  this  communication. 

Tourists  in  Skye,  during  the  past  autumn,  who  visited  Loch 
Gorruisk  by  boat  from  Torrin,  as  they  sailed  up  Loch  Scavalg,  be- 
come coDBciouB,  by  another  sense  than  that  of  sight,  that  a  large 
animal  in  a  state  of  putrefaction  was  in  their  immediate  vicinity. 

A  correspondent  of  the  "Glasgow  Herald,"  writing  in  July  last, 
states  that  a  great  whale  entered  Loch  Scavaig  about  tbe  middle  of 
that  month,  and  after  floundering  about,  bellowing  like  a  bull 
amongst  the  rooks,  amidst  which  it  had  become  entangled,  it  died 
after  a  lapse  of  two  or  three  days.  Large  quantities  of  blabber 
were  removed  from  the  carcase  without  loss  of  time  by  the  neigh- 
bouring fishermen,  but  enough  of  the  external  form  remained  to 
enable  the  correspondent  to  give  the  following  deBcription :  Skin 
black,  thick  and  corrugated.  Head  enormous,  square,  ending  in  a 
flat  snout  some  eight  or  ten  feet  across,  looking  like  a  peat  stack. 
Eye  small,  surrounded  with  lashes,  some  16  feet  from  the  snout. 
Blower  covered  with  a  flap  a  foot  long.  Under  jaw  slender,  shorter 
than  the  upper,  in  it  were  thirty-sii  teeth  shaped  like  the  ends  of 
ducks'  eggs.  No  teeth  were  visible  in  the  upper  jaw.  The  whale 
could  not  be  short  of  60  feet  in  length. 

My  attention  having  been  directed  by  Sir  Robert  Christison  to 
the  newspaper  report,  I  at  once  recognised  from  the  form  of  tbe 
head,  jaw,  and  teeth,  that  the  characters  were  those  of  the  sperm- 
whale  {Physeter  macroctphatm),  and  I  determined,  if  possible,  to 
obtaiu  a  portion,  if  not  the  whole  of  its  skeleton.  The  distance, 
however,  of  the  spot,  where  the  carcase  was  lying,  from  human- 
habitations,  and  the  want  of  proper  appliances  for  lifting  heavy 
<'bjects,  have  proved  hindrances  to  the  removal  of  the  huge  cranium 
"f  the  animal,  but  the  two  halves  of  the  lower  jaw,  and  a  number 
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or  the  smaller  boDes  of  the  skeleton,  are  now  in  my  posBee- 
sioD. 

From  the  examinatioD  of  tbeea  hones  an  estimate  may  be  formed 
of  the  age,  size,  acd,  I  believe,  also  tbe  sex  of  the  animal. 

The  state  of  OBsificatioo  of  the  bones  proved  that  the  animal  had 
reached  its  full  period  of  growth,  for  the  epiphysial  plates  were 
anchyloeed  to  the  bodies  of  the  vertebrse,  tbe  lower  jaw  had  attained 
A  great  length,  the  radius  and  ulna  were  ancbylosed  together,  both 
at  their  upper  and  lover  ends,  and  the  various  subdivisions  of  tbe 
Btemum  were  welded  into  one  massive  hone. 

As  some  estimate  may  be  formed  of  tbe  size  of  tbe  animal  from 
the  dimensions  of  its  lower  jaw,  it  may  be  useful  to  give  the 
measurements  of  this  bone,  and  at  tbe  same  time  to  compare  it 
with  tbe  dimensions  of  some  other  specimena. 

In  the  Natural  History  department  of  the  Edinburgh  Museum 
of  Science  and  Art  is  a  magnificent  lower  jaw,  which  was  pre- 
sented many  years  ago  by  Captain  William  Hardie.  It  possesses 
twenty-five  teeth  on  one  side,  hut  only  twenty- four  on  the  other. 
On  the  outer  face  of  the  right  mandible  there  bas  been  engraved  a 
large  picture  of  the  boats  of  the  ship  "Woodlark"  of  London, 
Captain  William  Hardie,  engaged  in  tbe  capture  of  tbe  sperm- 
whale,  in  a  school  of  sperm-wbales,  off  tbe  Banda  Islands,  April 
7th,  1843.  On  tbe  other  half,  a  figure,  43  inches  long,  of  a  sperm- 
whale  has  been  engraved.  As  authentic  drawings  of  this  animal 
are  by  ho  means  common,  and  as  this  figure  bas  been  executed  with 
a  considerable  amount  of  artistic  skill,  and  in  all  probability  by  one 
well  acquainted  with  the  form  and  proportions  of  this  animal,  I 
produce  on  tbe  following  page  a  reduced  copy.  In  the  Anatomical 
Museum  of  the  University  of  Edinburgh  is  tbe  mandible  of  a  young 
male,  presented  two  years  ago  by  my  pupil,  Mr  F.  B,  Archer  of 
Barbadoes.  Tbe  animal  was  captured  in  the  North  Atlantic  Ocean, 
in  the  latitude  of  the  Azores. 

Professor  Flower  has  also  carefully  recorded  *  tbe  dimensions  of 
three  specimens  from  Tasmania,  in  the  Museum  of  the  London 
jCoUege  of  Surgeons,  one  of  which  is  stated  to  be  "unique  on 
account  of  its  great  size,"  and  in  measuring  tbe  Edinburgh  speci- 
mens I  have  followed  his  plan  of  taking  tbe  length  from  the  apex 
•  Trane.  Zool,  Soo.  1866. 
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of  the  mandible  to  the  middle  of  a  line  drawn  acroBS  the  posterior 
ends  of  tbe  rami. 


Entire 

Length. 

Length 
ofSym- 

phjBiB. 

Qreategt 
Girth 
Behind. 

Mandible  from  Isle  of  S^e, 

Mandible  in  Natural  History  MuBeum, 
Proportion,    .... 

PropordoD,    .... 

Mandible,  foung  akull,  Tasmania, 
Proportion,    .... 

Mandible,  Tamnanian  Skeleton, 

Proportion,    .... 

Largest  Tasmonian  Mandible, 

100 
196 
100 
80 
100 

49 
100 
174 
100 
194 
100 

ll"6 

61 
120 

60 

^? 

21 

43 
102 

S9 
124 

64 

66 
29 
&4 
27 
29 
36 
Width 

31 
63 
72 
41 
76 
38 

The  Bpecimena  in  the  Edinburgh  Mueeume  corroborate  the  con- 
clueions  arrived  at  by  Mr  Flower,  that  a  gradual  increase  in  the 
length  of  the  symphyBis,  compared  with  that  of  the  entire  jaw, 
takes  place  as  age  advances,  and  it  is  obvious  also  that  the  girth 
behind  dimioishea  in  proportion  to  the  increase  in  tbe  length  of 
tfae  jaw.  This  increase  is  without  donbt  co-ordinated  with  tbe 
development  and  growth  of  the  teeth. 

Although  tbe  teeth  bad  been  removed  by  the  fishermen,  and  sold 
to  tourists  before  the  mandible  of  the  Skye  sperm-whale  came  into 
my  possession,  yet  the  sockets  were  entire,  and  twenty-fonr  on  each 
side  could  be  counted,  so  that  the  animal  hod  attained  its  complete 
dentition.  Seven  loose  teeth  were,  however,  sent,  all  of  which,  with 
one  exception,  were  worn  on  the  surface  and  sides  of  the  crown.  In 
all,  the  pulp  cavity  was  completely  closed  at  the  extremity  of  the 
fang,  and,  in  several,  irregular  outgrowths  from  the  surface  of  the 
fang  were  present.  Two  of  the  teeth,  though  worn  at  tbe  crown, 
closely  corresponded  in  general  fonn  with  the  one  not  so  affected, 
and  were  much  more  slender  and  tapering  than  the  remaining 
four,  the  roots  of  which  were  much  more  bulky.  The  unworn  tooth 
was  five  inches  long,  and  the  greatest  circumference  of  Its  root 
4}  inches. 
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The  aternum  was  a  masHive,  plate-like,  triangular-shaped  bone, 
greatly  expanded  anteriorly  is  its  tranHveree  diameter,  and  grtd- 
ually  tapering  backwards  to  a  rounded  apes  posteriarly.  Inferior 
aarface,  convex ;  en perior,  concave  -  anterior  border,  convex  ;  lateral 
bordeiB  varied  in  thickneas,  bnt  were  from  four  to  five  inches  in 
diameter  at  the  thickest  part.  Four  well-marked  costal  articular 
Burfaces  on  each  lateral  border.  An  oval  hole,  6^  inches  long,  was 
in  the  middle  of  the  manubrial  element  of  the  bone,  and  4J  inches 


Inferior  surface  or  the  Bteraam  of  the  Skye  Bperm-vhulc. 

further  back  a  much  smaller  foramen  pierced  the  entire  thickness 
of  th«  bone.  From  this  smaller  hole  a  mesial  and  two  lateral 
grooves  passed  foreome  inches  backwards  along  the  inferior  sorface 
of  the  bone.  On  the  inferior  surface  there  was  no  indication  of  the 
original  transverse  segmentation ;  on  the  superior  surface,  19  inches 
in  front  of  the  posterior  end,  a  deep  transverse  fissnre  passed  across 
the  bone  through  the  middle  of  the  third  pair  of  costal  articular 
facets,  but  there  was  no  trace  of  the  origins)  division  between  the 
first  and  second  segments. 
Extreme  length  of  sternum,  50  inches;  transverse  diameter  at 
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Gnt  pair  of  ooetat  facets,  40  inches ;  at  second  pair,  22  inches ; 
at  third  pair,  18  inches;  at  foarth  pair,  14  inches.  This  bone  had 
attained  a  more  complete  stage  of  ossification  than  had  preTionsly 
been  described  or  figured  in  the  Bteninm  of  this  cetacean. 

The  length  of  the  third  transTerse  segment  of  the  stenrnm  being 
19  inches,  I  examined  it  carefully  to  see  if  an;  evidence  of  a  snb- 
divieion  into  smaller  segments  conld  be  detected,  but  without 
success.     Moreover.  I  find  that  Professor  Flower  has  met  with 


Uutline  sketch  of  the  superior  Borfaco  of  the  Bterunm  of  the 
Skjre  Bperm-wbale. 

great  differences  in  the  length  of  the  terminal  segment  of  this 
bone  in  the  specimens  which  he  has  examined.  In  one  from 
Taemania  the  length  was  14j  inches,  whilst  in  the  Caithness 
Cachalot  the  hinder  piece  is  represented  by  a  median  spheroidal 
nodule  of  bone,  4  incbes  in  diameter,  imbedded  in  dried  cartilage. 
Tite  terminal  piece  of  the  sternum  is  therefore  variable  in  its 
dimensions,  and  the  greater  length  in  the  Skye  specimen  is  without 
doabt  dne  to  the  age  of  the  animal  having  rendered  possible  com- 
plete ossification  of  the  terminal  cartilage. 
That  the  animal  had  reached  its  full  growth  and  attained  the 
VOL.VU.  4  <t 
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adnlt  period  of  life  is  erident  from  the  completed  oBsiGcatioQ  and 
the  dimenBionB  of  its  bones.  There  oan  be,  I  think,  little  donbt 
but  that  it  was  of  the  male  sex.  For  althongh  little  baa  been 
done  in  the  descriptions  of  the  Hperm-wfaale  to  discriminate  the 
Bexoal  char&ctera  of  the  skeleton,  yet  those  who  have  had  opportnoi- 
ties  of  obtierving  the  habits  of  this  cetacean,  agree  in  ascribing  to 
the  male  a  much  greater  m^;nitade  than  is  acquired  by  the 
female.  That  excellent  nataratist,  Ur  F.  D.  Bennott,  for  example,* 
Btates  that  the  adult  female  does  not  exceed  the  length  of  thirty, 
or  at  most  thirty-five  feat. 

We  may  now  pass  from  the  most  recent  specimen  to  the 
consideration  or,  I  believe,  the  most  ancient  relic  of  the  sperm- 
whale  which  has  yet  been  found  in  the  British  Islands. 

In  AugDst  1671,  Ur  Qeorge  Fetrie  of  Kirkwall  presented  to 
the  Boyal  Scottish  Society  of  Antiqaaries  a  tooth  recently  obtained 
from  a  "  brough  "  near  the  Howe  of  Hoxa,  in  the  Isle  of  Sh.  Bonald- 
say,  on  a  promontory  opposite  the  Bay  of  Scapa.  This  tooth  bad 
obviously  been  buried  in  the  earth  for  a  lengthened  period,  and  in 
all  probability  was  co-eval  with  the  early  occnpation  of  the 
"brough,"  and  may  have  belonged  to  one  of  its  early  Noise,  or 
even  still  more  ancient  inhahitanta.  This  tooth  has  been  carefnllj 
examined  by  Frofesaor  Duns,  Dr  John  Alexander  Smith,  and, 
myself,  and  we  all  agree  in  regarding  it  aa  the  tooth  of  a  sperm- 
whale.  A  part  of  the  alveolar  end  of  the  tooth,  more  especially  on 
one  side,  has  been  broken  away,  so  that  the  conical-shaped  pnlp- 
o&vity  is  fully  exposed.  The  free  end  of  the  crown  is  smooth  and 
rounded,  such  aa  one  sees  in  specimens  of  well-worn  teeth  of  this 
animal.  The  length  of  the  tooth  is  5}  inches,  bnt,  owing  to  a 
part  being  broken  off,  this  does  not  give  its  fall  length ;  the  greatest 
giith  is  6}  inches. 

Mr  Petrie  has  moat  courteonaly  sent  me  an  account  of  the  locality 
in  which  he  discovered  the  tooth.  He  says : — "  I  was  glad  to  find 
that  the  tooth  was  of  some  interest.  I  was  led  to  its  discovery  by 
a  request  of  my  friend,  Mr  James  Fergusson,  the  author  of  the 
'  Handbook  of  Architecture,'  to  make  some  excavations  in  the 
vicinity  of  *he  Fowe  of  Hnxa,  with  the  view  of  discovering,  if 

*  Wlialing  Voyage,  vol.  ii.  p.  Ifii. 
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poBBible,  the  tomb  of  the  celebrated  Orkneyan  Jar),  Thorfinnr 
who  wu,  accoiding  to  the  'OrkuejiDga  Sago,'  buried  at  Hang 
BeiS,  now  known  aa  the  Howe  of  Hoxa.  The  Howe  is  ap- 
parently a  loDg-Bhaped  nstuial- mound  of  coDHiderable  height, 
on  which  artificial  mounds  nere  probably  mode,  aa  traces  of 
them  can  etill  be  Been,  ae  well  aa  of  a  maeaive  atone  wall 
encircling  a  great  portion  of  the  top  of  the  rnonnd.  On  the 
north  end  of  the  mound  are  the  ruinB  of  a  large  circular  struc- 
ture, which,  on  being  excavated  between  twenty  and  thirty  years 
ago,  wae  found  to  be  the  remains  of  a  brough  oi  round  tower.  On 
proceeding  to  the  spot  laat  aummer,  and  carefully  examining  the 
mound,  I  found  that  it  would  involve  much  time,  labour,  and 
expense  to  make  a  eatiafactory  examination.  I  determined,  there- 
fore, to  excavate  a  smaller  mound,  evidently  wholly  artificial,  at  a 
abort  diatance  from  the  Howe  of  Hoxa,  hut  connected  at  one  time 
with  it,  aa  tracea  of  an  avenue  of  atones  leading  from  the  one  to 
the  other  were  still  to  be  seen.  I  expected  to  find  a  chambered 
tomb,  but  to  my  surprise  a  atiucture  resembling  the  oidinaiy 
brough,  but  far  leaa  symmetrical  than  such  buildings  usually  are, 
was  revealed.  I  am  inclined  to  think  that  it  was  sepulchral  in 
character,  although  of  a  type  unique,  so  far  as  my  experience  goes. 
The  passages  or  galleries  were  etill  roofed  in  many  parts  by  flag- 
stones laid  aciosa  from  wall  to  wall.  The  excavations  did  not  pro- 
duce many  relics,  but  amongst  these  were  bits  of  dark  pottery  and 
aeveral  vertebras  of  whale  much  scorched  by  fire.  One  of  the  ver- 
tebras, about  1  foot  in  diameter  at  the  broadest  part,  and  9  J  inches 
in  height,  had  been  fashioned  into  a  mde  vessel  by  scooping  out  the 
central  or  mora  porous  part  of  the  hone,  aa  ia  often  the  case.  It 
wu  fonnd  about  two  feet  beneath  the  surface  of  the  mound  at  A, 
on  what  appeared  to  be  the  floor  of  the  interior  of  the  structure, 
and  it  and  the  othervertebnewere  buried  beneath  the  ruins, which 
seemed  lo  have  fallen  upon  them.  The  tooth  was  found  at  B,  and 
not  far  off  a  piece  of  freestone,  convex  on  one  side  and  slightly 
concave  on  the  other.  The  concave  side  was  tolerably  smooth, 
apparently  due  to  friction  of  a  freestone  rubber  passing  frequently 
over  its  surface.  Similar  stones  were  found  in  the  brongh  of 
Hoxa,  when  it  waa  cleared  out  some  years  ago.  Tbey  much 
resemble  the  slightly  hollowed  atones  found  at  New  Grange,  in 
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Ireland.    I  do  not  remember  my  case  of  a  brongh  whicli  has  been 
explored  in  Orkney  in  which  bones  of  the  whale  have  not  been 
found." 
"  I  hesitate  very  mnoh  to  attempt  even  to  assigo  a  date  to  the 


Oniund  Plan  of  stmctare  near  seashore  at  Eoxay,  about  110  yards  wt-Btvard 
of  Howe  of  HoiBjr,  or  Bruugh  of  Hoiay.  Ruica  PXcaT&ted  and  planoeil 
by  Georgo  Petrie,  Eeq.,  Kirkwall,  in  Bnromer,  1871.  Bcale,  j^lh  ineh 
to  1  foot.  A,  the  place  where  the  broken  vessel  made  ont  of  the  *erte- 
bra  of  a  wliale  was  found.  B,  the  eituatioD  of  the  tooth  of  the  (pMni- 
whale.  C,  entrance  doorwn;,  which  was  roofed  over  with  stones.  I), 
ptssage,  also  roofed  over.    E,  passage  where  atone  roof  was  deetrof  ed. 

Htmctnre  in  which  the  tooth  was  found.  It  may  belong  to  the 
period  when  the  Celtic  or  Piotish  popnlation  by  whom  the  islands 
were  occupied  prior  to  their  invasion  by  the  Scandinavians,  but  I 
do  not  think,  from  the  general  appearance  of  the  ruins  and  the 
character  of  the  remains  found  in  them,  that  the  tooth  belonged 
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to  a  whale  captured  or  driven  ashore  later  than  the  Scandinavian- 
Pagan  period  in  Orkney,  or  eay  the  ninth  or  tenth  century." 

Ab  bearinf;  on  the  early  history  of  the  eperm-vhale  in  the  Bri- 
tish islands,  I  may  next  refer  to  a  passage  in  a  memoir  by  the 
eminent  Norwegian  arobteologist,  Professor  P.  A.  Munch,  to 
which  my  attentioD  has  been  directed  by  Mr  Joseph  Anderson, 
the  curator  of  the  Antiquarian  Mneeum.  The  memoir  is  en- 
titled "  Geographical  Elucidations  of  the  Scottish  and  Irish  Local 
Names  occurring  in  the  Sagas,"*  and  on  pp.  128, 129,  Professor 
Hunch,  in  his  account  of  the  Shetland  Isles,  says : — "  The  island 
of  Yell  is  nearly  divided  into  two  halves  by  the  deep  Gorda  which 
penetrate  on  each  side,  Whalefirtb  (HvalfjorJSr)  on  the  west,  and 
Iteafirth  (Rey^arrjditr)  on  the  east.  In  a  deed  dated  May  19, 
1307,  which  speaks  of  the  pledging  of  the  estate  Kollavfigr,  now 
Cullavoe,  one  of  the  witnesses  is  a  Hogni  i  ReyfiarGrSi.  This 
Iteytiarrj5r6r  is  clearly  the  above  Beafirtb,  early  contracted,  or 
rather  corrupted,  even  by  Norae  speakers,  to  Bafjord."  Further, 
Professor  Munch  states,  it  is  very  suitable  that  the  two  opposite 
fiords  should  be  called,  the  one  Hvalfjoi^r  and  the  other  Bey- 
BarfjoriSr,  for  ReySr  (now  called  Eo6r  or  Bor,  in  Norway),  is  also  a 
kind  of  whale,  the  Phyuler  macrocephaltu,  black-headod  sperma- 
ceti whale. 

If  we  are  to  accept  this  interpretation  by  Professor  Munch,  that 
the  old  Norse  term  fieyjiar  was  equivalent  to  our  eperm-whale,  then 
we  should  have  to  assume  that  this  cetacean  was  so  well  known  to 
the  ancient  Norsemen  that  they  had  coined  a  word  to  designate  it. 
And  it  is  indeed  not  improbable  that,  considering  their  roving 
habits,  they  may  have  sailed  in  the  seas  which  it  most  usually 
frequents,  and  perhaps  have  chased  it  for  the  sake  of  its  valuable 
oil. 

'  But  from  the  association  of  this  name  with  a  particular  firth  in 
the  Shetland ' group  of  islands,  it  would,  granting  the  accuracy  of 
Munch's  interpretation,  seem  as  if,  in  the  early  years  of  the  Norse 
settlement,  the  sperm-whale  had  not  unfreqnentty  entered  tlita  firtb, 
and  perhaps  been  captured  there — a  circumstance  which  would 
show  that  this  animal  was  then  a  much  more  frequent  visitor  of 

*  HemoiroB  de  In  Soo,  Rofale  ilea  Autiquaries  du  Notd,  1860-18CO, 
CDpeuhague. 
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the  Scottish  seas  than  we  know  it  to  be  at  the  preseot  day,  or 
indeed  to  have  been  for  some  centuries  post. 

But  I  think  it  very  questionable  if  the  interpretation  given  by 
Profeeeor  Munch  of  the  old  word  BeySar  can  be  regarded  as 
zoologically  correct.  Torfeua,  the  historian  of  Greenland,  in  his 
accouot  of  the  cetacea  which  frequent  the  Greenland  and  Iceland 
seas,*  uses  the  term  Beidr  three  times  in  his  description  of  these 
whales.  One  he  terms  Hrafnreidi,  white  in  colour,  of  a  length  of 
fourteen  or  sixteen  cubits,  "  branchiis  etiam  preeditus,"  and  tastes 
well.  A  second,  called  Hafreidr,  a  whale  of  sixty  cubits,  oi  a  little 
more,  which  carries  a  small  bom,  and  is  most  pleasant  to  eat.  The 
third  is  named  Beidr,  or  most  usually  SteipJreidr,  which,  he  says, 
surpasses  all  others  id  sweetness,  is  gentle,  and  not  to  be  feared  by 
ships.  The  largest  which  has  been  caught  by  the  Northmen  equals 
130  cubit«,  is  very  fat,  "  branchiis  gandet,"  but  wants  teeth.  This 
desciiptioD  by  Torfeus  is  much  wanting  in  precision,  and  the  state- 
ment that  the  Hrafnreidr  and  Keidr  possess  branchiss  would  lead 
one  to  say,  if  this  term  were  understood  by  bim  in  the  sense  in 
which  it  is  now  employed,  that  these  animals  were  not  whales,  but 
fishes.  It  is  probable,  however,  that  the  so-called  branchie  in 
Hrafnreidr  and  Steipireidr  may  he  the  plates  of  whalebone  which 
depend  from  the  roof  of  the  mouth  of  the  baleen  whales,  and  which 
have  a  laminar  arrangement  not  unlike  tbe  gills  of  a  fish,  and 
might  readily  be  mistaken  for  such  by  an  inexperienced  observer. 
The  absence  of  teeth,  however,  conclusively  shows  that  these  could 
not  be  spenn  whales. 

Otho  Fabricins,  in  his  "  Fauna  Groenlandioa,"!  identifies  the 
llrafnreidr  of  Torfeeus  with  the  fin-whale  named  by  Linneos 
Balatia  boopi;  and  the  Beidr  or  Steipereidur  with  tbe  BaUena 
musadiM  of  the  same  naturalist.  By  Otho  F.  Mjiller,^  the  term 
Reider  or  Beydur  is  applied  to  two  species  of  Baleen  wholes. 
Mohr  also,  in  his  Natural  History  of  Iceland,  §  adopts  tbe  classifica- 
tion of  Fahricius;  and  Erik  Jonssou,  in  bis  Dictionary  of  old  Norse 
terms,||  accepts  tbe  definition  of  the  above  naturalists.    Further, 

•  OroDlandia  Antiqaa,  pp.  60,  96.     Havtiiie,  1706. 

t  Hafain,  1780,  p  86,  et  iq. 

X  ZoologicEB  Danic»  prDdromns.     Hafnin,  177S. 

g  FoTBog  til  en  Islandsk  NntarbitrtDrie.  CopeDhagea,  1786. 

II  Oldoonlisk  Ordbog.     COpeubagiD,  186S. 
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both  tfae  lexicographer  and  the  naturalists  agree  in  giving  as  the 
Norse  equivalent  for  oui  term  sperm-whale,  not  Beytiar,  but 
Blijhvalr.  Hunch  himself,  also,  by  putting  the  Norwegian  term 
Bohr  or  Bor  as  equivalent  to  the  older  word  BeyiSar,  supplies  me 
with  an  additional  ar^ment  against  the  latter  word  being  regarded 
as  signifying  sperm-whale,  for  BSr  or  Borhral  is  merely  our  term 
Borqual,  i.e.,  a  whale  with  folds  and  sulci  extending  longitDdinally 
along  the  belly,  such  as  one  sees  in  the  Balfetiopteridfe  or  Finner 
whales,  but  which  do  not  exist  in  the  sperm-whale. 

Hence  we  cannot  regard  Beafirth  in  Yell  as  having  received  its 
name  from  having  once  been  a  place  of  resort  for  the  speria- 
whale,  or  as  affording  any  evidence  that  onr  seas  were  at  one 
time  more  largely  frequented  by  these  huge  cetaceans  than  at 
the  present  day. 

But  though  this  name  loses  its  interest  in  connection  with  the 
natural  history  of  the  sperm-whale,  it  acquires  importance  in 
reference  to  the  natural  history  of  the  rorquals.  Of  this  group 
of  whales,  two,  viz.,  the  common  Finner,  and  the  species  of  Fin 
whale,  of  which  we  had  receutly  so  fine  a  specimen  stranded  at 
Longniddry,  attain  a  length  of  npwards  of  60  feet,  and  are  not 
uncommon  in  our  seas.  By  modem  zoologists,  the  common  Fin- 
ner is  usnally  called  Balawypttra  itwictihia  {Phyiahu  antiqwrvm), 
and  may  be  identical  with  the  Hrafnreidr  of  Torfaus.  The 
other,  the  BaUenoplera  SibbaMi,  has  been  identified  by  Professor 
Beinhardt  and  myself*  as  identical  with  the  Borqual,  to  which  the 
Icelanders  even  at  the  present  day  apply  the  name  of  Steypir- 
eythr.  In  all  probability  the  firth  on  the  east  side  of  Yell,  now 
known  as  Beafirth,  was  frequented  by  these  Borquals,  and  was 
named  by  the  ancient  Norse  settlers,  Bey8arfj6r{ST,  from  this 
circumstance,  whilst  the  deep  inlet  of  the  sea  on  the  west  side  of 
the  island,  now  known  as  Whale-firth,  may  have  obtained  its 
Norse  name  of  Hvalfjfirdr  from  having  been  the  resort  of  the 
" casing"  whale,  which  in  large  herds  still  frequents  the  Orkney 
and  Shetland  seas,  and  is  killed  in  great  numbers  by  the  islanders. 

For  convenience  of  reference,  I  may  append  a  tabnlar  statement, 
compiled  from  the  cases  referred  to  in  this  and  my  former  essay, 

*  Bm  mv  Iftmoir  in  Tnat.  of  this  Society,  p.  217,  1870. 
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or  the  nell-autbcDticated  iDstances  io  which  the  Bpenn-wh4le  haa 
been  met  with  on  the  Scottish  ooasta. 


Locality. 

Date. 

Authority, 

Hoxay,  Orkney,     .... 

Limekiba, 

Cramond, 

Monifieth," 

Bos8-sbire, 

Cramond, 

Hoy  Sound,  Orkney,  .     .     . 

Oban, 

Thorao, 

Loch  Scaraig,  Skye,       .    . 

athorimhoent.? 
Feb.  1689 

1701 
Feb,  1703 

1756 

1769 
About  1800 
May,  1629 
July,  1863 

July,  1871 

Geoi^  Petrie. 
Sir  R.  Sibbald. 
James  Patereon. 
Sir  R.  Sibbald. 
Sir  W.  Jardine. 
James  Robertson. 
George  Low, 
William  Tamer. 
J.  E.  Gray,  and 

W.  H.  Fiower. 
William  Turner. 

Monday,  5lh  February  1872. 

Sm  WILLIAM  THOMSON,  Vice-President,  ia  the  Chair. 

At  the  request  of  ihe  Council  Professor  Tait  gave  an 
Address  on  Thermo-Electricit;. 

The  following  Communication  was  read  : — 

1.  Note  on  Cystine.  By  James  Dewar,  F.R.S.B. 
The  foUowiDg  obBorvations  on  Cystine  axo  a  continuation  of  those 
formerly  communicated  to  the  Society  by  Df  Arthur  Gamgee  and 
myself,  during  the  course  of  the  Sessiod  1869-70,  aud  reprinted 
with  addition  in  the  "  Journal  of  Anatomy  and  Physiology  "  for 
that  year ;  aud  although  really  little  of  a  novel  nature  to  present 
to  the  Society,  still  it  is  necessary  to  show  some  additional  facts  have 

*  In  connection  with  Uub  auimal,  1  may  refer  to  an  esaay  in  the  "  Scottitb 
Naturalist,"  dat«d  Novembec  1871,  by  Mr  Robert  Walker,  of  St  Andrews,  in 
which  he  describes  atid  figures  the  vertebra  of  a  whale,  in  the  University 
Library  of  thnt  city,  which. he  belierca  to  be  tho  tenth  cIotsbI  of  a  youngish 
Cachalot  ■  He  belioves  it  to  be  a  relic  of  a  whale  etranded  there,  Chnn  which 
Mr  Foster,  a  former  Kegent  in  ibe  UuiTeraity  of  St  Andrews,  obtained  a  para- 
site which  be  sent  to  Sibbald,  who  figured  it.  He  thinks  that  the  whale 
figured  on  the  same  plate,  though  stated  to  be  stranded  at  Monifietb,  may  have 
been  this  animal. 
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been  observed  teudiog  towards  the  ByotheBis  of  tbJs  intetestiag 
sabstaDce. 

The  most  important  fact  ssceitained  with  regard  to  the  chemical 
relation  of  cystine  id  memoir  referred  to  was  the  production  of 
pyruvic  acid,  when  it  was  treated  with  nitrons  acid.  In  this  re- 
action the  amido  residue  was  not  alone  eliminated,  the  sulphur  also 
separating  as  sulphuric  acid,  however  carefully  the  experiment  was 
performed.  The  fear  of  allowing  the  action  to  proceed  too  far,  on 
the  necessarily  small  quantity  of  substance  operated  upon,  pre- 
vented us  from  purifying  the  product  thoroughly,  and,  oonseqnenlly, 
the  analysis  differed  slightly  from  that  of  pure  pyruvic  acid.  We 
had  no  hesitation  in  saying,  however,  the  acid  agreed  better  with 
-  the  chemical  characters  of  the  syrupy  modification  of  pyruvic  acid 
than  with  that  of  Wiscbelhaus's  carbaoet  oxylio  acid,  that  we  had 
anticipated  would  he  produced,  and  that  in  all  probability  cystine 
would  be  found  to  he  an  amido-sulpho  pyruvic. 

If  cystine  is  directly  related  to  pyruvic  acid,  it  must  contain  five 
instead  of  seven  hydiogen  atoms  (and  this  supposition  agrees  well 
with  the  published  analysis).  The  formula  of  the  compound  will 
then  be,  C,H,NOgS.  On  this  supposition,  we  may  derive  from 
pyruvic  acid  at  least  five  isomers,  that  will  all  have  the  general 
characters  of  cystine,  although  there  are  many  other  possible  con- 
st itntional  foi'mulsB. 


Pjnivic  Acid. 
CH, 
00 

OO.OH 
3. 

1. 
CH^H, 
CO 

OO.SH 
4. 

2. 
CH,NH 
00 

CSOH 
6. 

OH,(NH,) 

0H«|. 

CHS 

CS  CO 


•>NH, 


OO.OH  CO.OH  CO.OH 

Of  the  five  possible  cystines  formulated,  it  is  impossible  to  select 
that  of  the  natural  substance,  because  of  our  ignorance  of  the  inter- 
mediate snlpho-acid.  AH  altempts  to  replace  the  amido  group 
alone  by  the  action  of  nitrons  acid  having  failed,  I  have  tried  several 
experiments,  with  the  object  of  replacing  the  sulphur  alone,  with 
the  small  quantity  of  cystine  at  my  disposal. 
If  cystine  is  one  of  the  above  five  suLstauues,  the  replacement 
Vol.  vn.  4b'     ^qIq 
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of  tlie  Bulphur  by  hydrogen  will  generate  very  different  bodies. 
Theory  enablee  na  to  predict  that,  in  tbe  case  of  bodies  baving  the 
constitutional  formuls  of  No.  (6),  we  ought  to  obtain  alanine. 
In  that  of  (3)  (jS)  alanine,  and  in  that  of  (4)  ami  do- lactic  acid 
(serine),  and  in  that  of  (2)  amido-glycerine ;  whereas  it  is  diffi- 
cult to  imagine  the  sulphur  in  (1)  being  replaced.  A  success- 
ful experiment  in  this  direction  ought  to  restrict  the  selection  to 
(wo  poBBible  constitutional  formulea  in  the  worst  case,  and  syn- 
thetical processes  might  then  be  attempted.  It  wag  formerly 
observed  that  nascent  hydrogen  generated  in  an  acid  nolutton, 
readily  liberated  sulphuretted  hydrogen,  and  might  be  used  as  a 
test  for  Ibis  snbstance.  The  action  goes  on,  however,  very  slowly, 
and  it  was  found  extremely  difficult  to  get  anything  like  the  theo-  ■ 
retical  quantity  of  sulphur  evolved.  With  this  experience,  sodium 
amalgam  suggested  itself  an  being  more  powerful,  and  equally 
likely  to  act.  When  cystine  is  diseolved  in  caustic  soda,  and 
sodium  amalgam  added,  in  a  few  minutes  it  is  easy  to  detect  the 
presence  of  a  sulphide  by  the  DitTo-pmeaide  test.  The  action  was 
allowed  to  proceed  for  several  dayn,  being  occasionally  rendered 
acid  by  the  addition  of  hydrochloric  scid,  and  the  amalgam  renewed. 
Ultimately  the  alkaline  solution,  after  being  neutralieed  witii 
hydrochloric  acid,  was  evaporated  and  treated  with  boiling  alcohol 
to  separate  the  chloride  of  soiium,  and  to  dissolve  any  hydro- 
chlorate  of  alanine  that  might  be  formed.  After  the  filtrate  was 
evaporated,  the  residue  still  contained  sulphur,  from  the  presence 
of  hydrochlorate  of  cystine.  This  was  separated  by  treating  .with 
water,  and  the  filtrate  was  boiled  with  oxide  of  lead,  treated  after- 
wards with  sulphuretted  hydrogen  to  precipitate  the  dissolved  lead, 
and  evaporated.  The  residue  was  then  heated  to  200  G.  in  a  tube, 
with  the  object  of  subliming  the  alanine.  \o  crystalline  subli- 
mnte  was  observed ;  it  ie  probable,  therefore,  that  substancea  of 
the  constitutional  formulea  of  5  do  not  express  the  constitution 
of  normal  cystine.  This  reeult  is  subject  to  a  certain  amount 
of  reservation,  from  the  difficulty  of  Eeparating  a  small  quantity 
of  substance  from  a  very  large  amount  of  secondary  material 
accumulated  in  the  course  of  the  experiment.  The  battery  is  far 
better  adapted  to  give  a  supply  of  nascent  hydrogen  in  this  ease; 
and  an  experiment  ma-le  in  ibis  way  looks  promising,  if  sufficient 
material  was  to  be  had. 

DiqitlzscbyGOOqlC 
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The  amall  qnantit;  of  subetance  left  I  LaTo  employed  for  tbe 
purpose  of  conoborating  tbe  produoUon  of  pynvio  acid,  wben  it  in 
treated  with  hydnte  of  baiyla. 

Took  a  decignunme  of  cyetine,  treated  it  in  a  Inbe  witit  a  boId- 
tioo  of  hydrate  of  baryta,  and  heated  it  all  night  to  a  temperature 
of  130°  C,  opened  it,  aod  transferred  oontenta  to  a  beaker,  boiled 
to  expel  the  ammonia  produced,  tben  added  an  exactly  equivalent 
quantity  of  BulphuHo  acid,  filtered  from  tbe  mlphate  of  baryta ; 
after  boiliug  to  expel  the  sulphnretlod  hydrogen,  the  filtrate  evapo- 
rated contained  a  yellow  syrupy  acid,  which  contained  a  few  crystal! 
under  the  microscope,  having  the  appearance  of  Finok's  uvitio 
acid.  Ammonia  was  added,  and  gave  a  yellow  aolutioo,  wbicb  was 
evaporated  on  the  water-balh ;  it  was  dissolved  in  water,  and  gave 
a  white  precipitate,  with  nitrate  of  silver,  which  was  not  distinctly 
crystalline;  it  also  gave  a  wbite  precipitate  with  snfanitrate  of 
mercury,  and  a  red  colour  with  a  crystal  of  sulphate  of  iron,  and 
no  precipitate  with  sulphate  of  copper.  The  barium  salt  was  also 
found  to  be  non-cry  stall  ine,  the  acid  lost  the  power  of  giving  a  red 
colour  with  Ferric  salts  after  treatment  with  sodium  amalgam, 
and  the  composition  of  the  silver  salt  agreed  better  with  pyruvic 
acid  then  formerly. 

Considerable  progress  has  been  made  in  an  examination  of  tbe 
chemical  characters  and  relations  of  the  tfaio-pyruvic  acids. 
Normal  tbio-pyruvic  acid  has  been  obtained  from  tbe  di-cblorpro- 
pionic  ether.  When  this  ether  is  treated  with  excess  of  alcoholic 
sulphide  of  potassium,  we  obtain  at  once  a  precipitate  of  chloride 
of  potassium,  and  a  solution  of  tbe  potash  salt  of  (be  new  acid. 
When  this  is  diluted  with  water,  acidulated  with  sulphuric  acid, 
and  shaken  up  with  ethei,  the  acid  is  obtained  in  yellow  crystalline 
plates,  part  of.it  seems  to  remain  a  viscid  fluid.  The  lead  and 
silver  salts  are  white  and  insoluble,  blacken  when  heated.  It  pre- 
cipitates mercuTons  salts  black  from  the  first  The  calcium,  barinm, 
iron,  cadmium,  and  copper  sails  are  all  solpble.  The  potassium 
and  sodium  salts  are  intensely  yellow,  and  decompose  slightly  on 
exposure  to  the  air.  When  treated  with  tin  and  sulphuric  acid, 
they  evolve  sulphuretted  hydrogen. 

The  tbio-carboxyl  pyruvic  acid  has  not  yet  been  obtained  in  a 
pure  state.  When  pyruvic  acid  treated  with  pentasulphtde  of 
phospboruB,  a  violent  action  takes  place,  associated  with  much 
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frothiog ;  and  when  tbe  product  is  distilled,  a  large  mass  of  carbon 
»  left  in  the  retort,  and  a  very  small  quantity  of  diBtillate  is 
obtained.  It  is  probable  that  chloro-pyruvit,  when  treated  with 
sulphide  of  potassium,  will  give  a  more  Batiafactoiy  yield.  It  ia 
the  author's  iuteution  to  make  a  careful  compariEon  of  these  two 
acids,  and  to  trausform  them  into  amido-acids,  with  tbe  object  of 
making  au  artificial  cystine ;  aad  the  results  arrived  at  will  shortly 
be  communicated  to  the  Society. 

The  author's  stock  of  cystine  being  now  exhausted,  he  will  fee) 
extremely  indebted  to  any  one  who  would  spare  him  a  small  quan- 
tity for  experimental  purposes. 

The  following  Gentlemen  were  elected  Fellows  of  tbe 
Society : — 

Oeorgb  Fobbbb,  Esq.,  B.A.,  St  Catharine's  College,  Cambiidge. 
J.  LtHDBAT  Stbvart,  M.D.,  CoDserTator  of  Foieeta,  Panjab. 
SeT.  Chablbs  R.  Tiafe,  H.A. 

MoTiday,  19tA  Fchrmry  1872. 
Principal  Sir  ALEXANDER  GRANT,  Babt.,  Vice-Preaident, 
in  tbe  Chair. 
The  following  Communications  were  read  : — 

1.  Remarks  on  Contact-Electricity.     By  Sir  William 
Thomson. 

2.    On  the  Curves  of  the  Genital  Passage  as  reflating  the 
movements  of  the  Foetus  under  the  influence  of  the  Resultant 
of  the  Forces  of  Parturition,    By  Dr  J.  Matthews  Doncan. 
Tbe  observer  of  the  current  literature  of  Midwifery  finds  nothing 
more  characteristic  of  it  than  tbe  number  of  papers  on  the  mechan- 
ism of  natural  parturition.     These  papers  indicate  for  the  most 
part  an  enlightened  zeal,  for  they  are  engaged  with  a  most  im- 
portant branch  of  this  mechanism,  namely,  the  mode  of  action  of 
the  force  of  labour  upon  the  foetus  and-upon  the  passagea,  and  the 
explanation  thereby  obtained  of  the  changes  which  take  place  in 
these  aa  natural  labour  advances. 

For  these  inquiries  great  additional  valne  would  accrue,  were  the 
amount  of  power  exerted  by  the  combined  forces  of  parturition 
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well  known ;  but  they  can  be  carried  on  to  a  great  degree  of  ad- 
Tancement,  even  while  the  amount  of  power  exerted  by  the  machine 
is  nnkcowD,  or  at  least  unsettled. 

Some  of  these  inquiries  as  to  the  action  of  the  force  of  labour 
upon  the  foetus  and  passage  are  very  easily  solved,  and  have  been 
long  in  this  condition.  But  the  most,  and  by  far  the  most,  import- 
ant are  questions  only  recently  raised ;  and  of  which  it  may  be 
said  that  few  are  familiar  to  the  piofeesioo  even  as  questions,  and 
still  fewer  can  be  regarded  as  settled.  These  inquiries  form  the 
natural  sequel  to  the  most  recent  developments  of  our  knowledge 
of  natural  parturition.  These  have  been  chiefly  engaged  in  de- 
scribing how  the  foetus  and  the  passages  actually  behave  during 
the  process,  while  the  new  inquiries  are  destined  to  explain  why 
they  so  behave.  These  new  inquiries  will  introduce  us  far  more 
deeply  into  the  subject  of  the  mechanism  of  labonr  than  tliose 
which  have  preceded  them.  They  are  specially  difficult  because 
of  the  varying  couditiona  of  the  force  of  labour  and  of  the  corre- 
lated parts,  the  fcetus  and  the  passage.  The  former  has  the  relations 
of  its  parts  extensively  changed  while  the  process  of  labour  pro- 
ceeds, and  the  latter  is  only  produced  at  the  time  by  what  Is  oalled 
the  development  of  parts,  as  the  foetus  advances. 

The  subject  to  which  I  wish  at  present  to  direct  attention  is  the 
curves  of  the  genital  passage,  and  their  infinence  on  the  pheno- 
mena of  parturition. 

I.  The  first  curve  to  whioh  I  direct  attention  is  said  to  be  at  the 
brim  of  the  pelvis,  and  to  have  its  convexity  directed  downwards 
and  forwards.  I  do  not  admit  that  the  curve  exists,  but  it  is  of 
the  utmost  importance  to  decide  the  point,  because,  without  doing 
BO,  we  cannot  possibly  determine  the  primary  direction  of  the  driv- 
ing force  of  labour.  Hitherto  and  now,  the  axis  of  the  gravid 
uterus  has  been  and  is  generally  regarded  as  coincident  with  the 
axis  of  the  brim  of  the  pelvis,  and  to  indicate  the  direction  of  the 
resultant  of  the  forces  of  parturition.  But  an  elaborate  attempt  has 
been  recently  made  by  3ebatz  and  Schultze,  especially  by  the  former 
of  these  authors,  to  demonstrate  that  the  axis  of  the  uterus  at  rest 
and  in  action  is  inclined  to  the  axis  of  the  brim  of  the  pelvis,  at  a 
small  angle  opening  forwards  and  upwards,  and  of  about  ten 
degrees.  I  have  just  said  that  the  axis  of  the  uterus  has  been 
generally  considered  to  indicate  the  primary  direction  of  the  dtiv- 
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ing  pon-er;  but  it  is  «7ident  that  this  can  only  be  the  case  if  a 
variety  of  coDditiona  be  eatufied.  Of  tbese  the  following  are  pro- 
bably principal :— the  aBHistanC  driving  furce,  which  is  auxiliary  to 
the  proper  uterine  force,  must  be  aleo  directed  in  the  axis  of  the 
brim  of  the  pelvie,  being  suppoaed  to  be  uniformly  applied  to  the 
uteiuB  by  the  ciicnnijacent  viscera  and  parts,  aotiug  like  a  fluid, 
exerting  pressure  equally  ia  all  directione :  the  uteniB  mnat  be  dis- 
tended wiih  a  fluid  which  ia  copious  enough  to  prevent  any  part  of 
the  walls  being  specially  pressed  upon  or  indented  by  the  foetus ; 
or,  it  must  have  its  tendency  to  become  spheEoidal  superiorly  unte- 
strained.  Now  Schatz,  in  addition  to  giving  the  proper  nterina 
driving  force  a  posterior  JDclinatiou  to  the  axis  of  the  brim  by 
ascribing  to  the  uterioe  axis  snch  an  inclination,  still  further  in- 
creases the  iuclinatioD  of  the  whole  driving  force,  by  describing 
tlie  special  direction  of  the  auxiliary  bearing-down  driving  force  as 
still  more  inclined  than  the  direction  of  the  uterine  axis.  The 
resultant  of  the  combined  or  whole  driving  forces  will  of  course, 
according  to  Schate,  have  a  direction  somewhere  intermediate  be- 
tween that  of  the  uterine  and  that  of  the  auxiliary  driving  forces. 
Smellie'a  authority  is  much  relied  upon  in  support  of  the  exist- 
ence of  this  curve.  In  his  platen  be  gives  tlie  uterus  this  inclination 
ttf  the  axis  of  the  brim  of  the  pelvis,  both  in  naturd  cases  and  in  cases 
of  deformity ;  but  this  is  not  satisfactory  evidence  as  to  what  h» 
believed,  for  it  is  probable  that  in  preparing  his  plates  he  did  not 
pay  particular  attention  to  the  point.  Those  of  them  to  which 
reference  is  here  made  (as  xii.  and  xiv.)  are  not  in  the  proper 
sense  drawings  or  pictures,  but  mere  plans,  and  might  very  well 
have  been  arranged  ue  they  are,  merely  because  in  other  respects 
the  works  looked  well.  Dr  Barnes,  in  his  recent  work  on  obstetric 
operations,  while  adhering  to  the  generally  entertained  view  as  to 
the  coincidence  of  the  axis  of  the  uterus  and  of  the  brim  of  the 
pelvis,  implies,  by  his  descriptions  and  drawings,  a  belief  that)  in 
most  if  not  all  cases  of  aotero-posterior  contraction  of  the  brim  of 
the  pelvis,  the  uterbe  axis  is  inclined  to  the  axis  of  the  contracted 
brim,  as  Schatz  believes  it  to  be  in  cases  generally.  This  is  not  the 
place  for  any  full  criticism  of  what  Barnes  very  aptly  calls  the  carve  uf 
the  false  promontory,  because  I  confine  myself  to  ordinary  or  natural 
conditions.  I  tthall  merely  say  that  this  important  and  practically 
valuable  doctrine  pf  Barnes  regarding  the  curve  of  the  false  promon- 
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tory  is  mule  too  general.  It  can  be  true  and  applicable  only  where 
the  poat«noi  nterine  obliquity  is  present,  and  it  ia  nut  demonatiated, 
Dor  ia  it  probable  that  this  alvaya  is  bo,  id  caaee  of  deformity. 

It  is  extremely  desirable  that  meana  ahonld  be  devised  for  ascer- 
taining the  direotioD  of  the  reanltaat  of  the  combined  forces  of 
parturition,  and  especially  of  the  axis  of  the  uterus  in  action. 
The  means  adopted  by  Sohatz  with  this  object  in  view  are  not 
satisfactory;  they  merely  go  the  length  of  showing  how  carefully 
lie  entered  upon  the  question.  But  it  may  be  permitted  me  to 
state  reasons  which  tend  to  catabliah  the  ordinary  opinion,  and  to 
discountenance  tiiat  of  Schatz. 

If  the  uterine  axis  is  inclined  to  the  brim  of  the  pelvis  poete- 
ricrly  to  its  asia,  we  ahonld  expect  to  find  the  child's  head  at  the 
commencement  of  labour,  while  yet  above  the  brim,  to  be  in  a  posi- 
tion which  has  never,  ao  far  aa  I  know,  been  aacribed  to  it  in 
natural  cases.  Smellie,  in  hia  plate  xii.,  gives  this  position  con- 
sistently, but  not  truly.  He  could  not  avoid  doing  so,  unless  he 
repreeented  the  child  at  rest  as  having  a  left  lateral  flexion  of  the 
head,  which  would  be  ridiculous.  Hia  mode  of  drawing  the  uteiua 
with  this  posterior  obliquity  created  an  exigency  for  him,  which  he 
could  get  over  only  by  what  mnat  be  regarded  as  misplacement  of 
the  bead.  One  error  thus  led  him  into  another.  The  erroneous 
poaterior  uterine  obliquity  forced  him  to  represent  the  left  side  aa 
preaenting  in  the  very  commencement  of  labour  in  an  ordinary 
cose  of  first  cranial  position  with  the  occiput  looking  to  the  left. 
I  do  not  see  how  the  difficulty,  Smellie's  yielding  to  which  gave 
rise  to  error,  can  be  avoided,  except  by  assuming  that  the  ordinary 
Tiew  as  to  the  axia  of  the  pregnant  nterua  is  correct. 

At  the  same  point  where  Smellie  stumbled,  Nffigele  alao  fell  into 
error,  but  in  an  opposite  direction.  In  bis  classical  eraay  on  the 
mechanism  of  birth,  describing  the  first  position  of  the  foetal  head, 
he  represents  it  as  presenting  at  the  brim  of  the  pelvis,  which  it 
haa  not  yet  fully  entered,  more  obliqaely  than  when  it  has  entered 
it,  or  as  having  at  the  earliest  stage  its  perpendicular  axis  more 
inclined  anteriorly  to  the  axis  of  the  brim ;  and  in  this  way  he 
accounts  for  his  allegation  that  the  right  ear  can  generally  be  felt 
at  this  time  without  difficulty  behind  the  pubic  bone.*     Here  a 

*  See  the  work  of  H.  F.  Nngale,  "  Die  Lebre  vora  MechaDJimiu  der 
Oebnrt."     Haiuz,  1888,  S.  VI. 
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remark  ma;  be  made  similar  to  that  applied  to  Smellie'e  drawing; 
namely,  that  the  head  could  Dot  be  so  placed  nalesB  the  ntema  had 
an  anterior  obliquity,  an  obliqnity  opposite  in  direction  to  that 
figured  by  Smellie  and  described  by  Schatz;  an  obliquity  quite 
incompatible  with  Negele's  own  description  in  his  work  on  the 
female  pelvis  ;*  or  unless  the  child  maintained  an  unnatural  and 
undeecribed  left  lateral  flexion  of  its  bead. 

The  now'  generally  entertained  views,  that  the  axis  of  the  ntema 
coincides  with  the  axis  of  the  brim  of  the  pelvis,  and  that  the 
fcetal  head  presents  at  the  brim  directly,!  have  at  least  the  merit 
of  evading  such  obvious  and  adverse  criticism  as  the  figure  of 
Smellie,  and  the  expressed  opinions  of  Schaltze,  Schatz,  and  of 
Niegele,  ar^  liable  to  be  subjected  to. 

The  great  authority  of  N»gele  was  long  sufGcient  to  give  cur- 
rency to  bis  statement  that  the  head  of  the  fcBtua,  aa  it  passed 
through  the  brim  of  the  pelvis,  had  its  vertical  axis  in  a  position 
of  anterior  obliquity  to  the  plane  of  the  brim,  an  obliquity  which 
is  appropriately  designated  the  Nsgele  obliquity,  in  order  to  dis- 
tinguish it  from  other  obliquities  at  the  same  situation.  The  great 
argument  against  this  view,  and  tfae  only  one  having  a  final  charac- 
ter, is,  that  it  is  not  an  accurate  description  of  what  takes  place; 
but  in  addition,  it  has  been  argued  against  it  that  it  is  impossible 
to  find  a  mechanism  to  account  for  it  Stoltz's  attempt  to  explain 
its  occurrence  by  mere  lateral  flexibility  of  the  neck  of  the  child 
is  insufiicient,  because  it  affords  no  explanation  why  the  lateral 
fiexion  is  towards  the  posterior  shoulder ;  but  the  now  alleged 
posterior  obliquity  of  the  uterus,  as  regards  the  axis  of  the  brim, 
affords  a  solution  which  N«egele  did  not  foresee  when  he  described 
this  obliquity  as  present  and  increasing  with  the  increasing  height 
of  the  head  in  or  above  the  true  pelvis.  If,  adopting  the  kind  of 
nomenclature  introduced  by  Barnes,  we  describe  a  curve  of  tiie 
natural  promontory,  produced  at  the  brim  of  the  pelvis  by  the 
posterior  obliquity  of  the  uterus,  then  this  curve,  representing  a 
deflection  of  the  axis  to  the  extent  of  about  ten  degrees,  can  be 
easily  made  to  account  for  the  alleged  N«egele  obliquity  during  the 
first  half  of  the  passage  of  the  child's  head  through  the  ligament- 

*  F.  C.  Nngele.    ■>  Daa  Weibliche  Beckea."    Carltmhe,  1626. 
t  Bee  mj  "  ReiearcheB  in  OlntetriGa,"  p.  884,  tc 
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OUB  pelvis.  For,  if  we  suppose  witb  gchatz  thftt  the  vhole  power 
of  labour  acta  id  an  obliqae  line  nearly  corresponding  to  that  of 
the  axis  of  the  nterus,  or  inclined  still  more  posteriorly,  then  there 
will  always  be  a  tendency  of  the  anterior  half  of  tlie  head,  or  of 
that  which  is  nearAr  the  concavity  of  the  curvature  of  the  passage, 
to  descend  first,  and  so  produce  the  Nsgele  obliquity,  if  there  ba 
uniform  reristance  to  the  advauce  of  all  parts  of  the  head.  But,  aa 
the  oocnrrence  of  Nragele's  obliquity  is  now  very  generally  denied, 
any  mechanism  which  accounts  for  it  derives  little  or  no  support 
of  its  own  accuracy  from  the  circumstance  of  its  doing  bo. 

Still  another  diEBcuIty  in  the  way  of  admitting  the  presence  of 
the  curve  of  the  natuial  promontory  as  the  natural  or  ordiDary  con- 
dition is  worthy  of  consideration.  It  is  justly  held  that  in  natnial 
labour  the  advance  uf  the  head  through  the  brim  of  the  pelvis  is 
impeded  only  by  friction  and  imperfect  dilatation  or  dilatability  of 
the  soft  parts  ;  but,  if  this  curve  of  the  natural  promontory  exists, 
a  new  and  considerable  difScuIty  is  introduced,  namely,  the  differ- 
ence between  driving  a  body  through  a  cnrved  and  a  straight 
passage— a  new  difBcuIty  which  it  appears  to  mo  unreasonable  to 
admit.  And  this  is  not  all;  for  this  addition  of  difficulty  is  not 
overcome  and  passed  when  the  child's  head  has  traversed  the  curve, 
but  lasts  during  most  of  the  process  of  the  birth  of  the  child.  If 
this  curve  exists,  the  axis  of  the  genital  passagCt  regarded  in  the 
anteTO-posterioT  vertical  plane,  has  tho  shape  of  aBoman  S;  its  first 
or  upper  curve,  the  curve  of  the  natural  promontory,  having  its 
concavity  looking  backwards;  its  second  and  universally  recognised 
curve  having  its  concavity  looking  forwards.  I  believe  we  are 
nearer  the  truth  when  adopting  the  view  at  present  generally  en- 
tertained, that,  in  the  antero-posterior  vertical  plane,  the  genital 
passage  has  ordinarily  only  one  curve,  having  the  concavity  of  its 
axis  looking  forwards. 

Direct  therapeutical  bearings  of  this  matter  are  evident  and 
important  both  in  natural  and  morbid  parturition.  Certain  atti- 
tudes of  the  body,  by  increasing  or  diminishing  the  flexion  of  the 
iliaa  beams  upon  the  sacrum,  a  movement  which  I  have  elsewhere 
described  as  nutation  of  the  sacrum,*  may  alter  not  only  the  dimen- 
sions of  certain  parts,  but  also  the  relations  of  the  axis  of  the 
*  Keseaichef  in  Obft«triea,  p.  148. 
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pelvic  brim  to  the  axis  of  the  utenia,  or  to*the_directioii  of  the 
reaultant  of  the  forces  of  labour.  Id  am  elaborate  paper  Schultze* 
has  attempted  to  ehow  that  similar  results  may  be  produced  by 
flexion  and  extensioD  of  the  spine.  ^This  author;  aasumes  that 
the  lower  lumbar  vertebne  govern  the  uterine  axis,  and  that  the 
latter  is  normall;  inclined  posteriori;  to  the  plane  of  the  pelvic 
brim.  He  therefore  recommends  that  when  difficulty  arieea  at 
the  brim,  the  spine  shonld  be  flexed  so  as  to  bring  the  axes  of  the 
uterus  and  of  the  brim,  if  possible,  into  coincidence ;  and  if  we 
admit  his  assumptions,  there  can  be  no  doubt  as  to  the  justice  of 
his  conclusion.  For  practical  application,  however,  the  proper 
treatment  may  be  Htat«d  in  such  a  way  as  to  offend  no  theory  as 
to  axes  of  brim  or  of  uterus,  or  so  as  to  stand  good  whatever  view 
ia  held  on  these  points.  When,  before  labour,  or  while  the  ftetal 
head  ia  still  mobile  above  the  brim,  it  is  placed  with  ita  sagittal 
suture  not  traTersing  the  centre  of  the  brim,  but  lying  anterior  to 
it  (as  Smellie  figures),  then  it  will  during  early  labour  be  pressed, 
with  a  loss  of  force,  against  the  pubes,  not  diieotly  into  the  brim. 
It  will  then  be  worth  while  to  try  whether  flexion  of  the  spine,  by 
putting  the  woman  into  the  attitude  assumed  in  stooping  forward, 
will  correct  the  direction  of  the  head  [which  I  consider  an  unna- 
tural direction].  If  it  conecta  it,  the  sagittal  sntnre  will  be 
observed  to  leave  the  neighbourhood  of  tbe  pnbea  and  approach  or 
reach  the  middle  of  tbe  plane  of  the  brim.  Again,  if  tbe  nterine 
axis,  or  the  resultant  of  the  forces  of  labour,  has  this  posterior 
obliqui^  to  the  axis  of  tbe  brim,  then,  in  the  first  half  of  it<  contas 
through  the  ligamentous  pelvis,  the  festal  head  may  be  expected 
to  ehow  the  Nngele  obliquity — tbat  is,  its  half  lying  in  the  ante- 
rior half  of  the  pelvis  will  be  lower  than  that  id  the  poeteiior  aa 
regards  the  plane  of  the  pelvic  brim,  being  pushed  down  with 
greater  force ;  and  it  will  he  well  worth  while  to  try  whether  or  not 
flexion  of  the  spine  will  correct  this  direction  of  the  head  [which 
I  consider  an  unnatural  direction]. 

II.  The  second  curvature  of  the  pelvis,  which  I  proceed  to  de- 
ecribe,  is,  like  the  former,  situated  at  the  brim  of  the  pelvis;  but 

*   JeotiBche.  Zeitaehrift  fur  Medicin  uad  Natur-Winuuchaft,  iii.  Baod. 
8.  272. 
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of  ita  freqneDt  exiatence  there  cao  be  do  donbt  whatever.  Its 
presence  is  indicated  b;  the  deflexion  of  tlie  ntems  from  the 
mesial  line  to  the  right  or  to  the  left ;  and  it  ia  well  known  to  be 
oheerved  at  all  times— that  ia,  before,  during,  and  after  pregnancy ; 
but  as  this  paper  ie  ooncemed  only  with  dynamical  matters,  this 
deflexion  or  deviation  is  interesting  only  as  observed  during  labour. 
On  tbe  direction  of  this  deflexion,  to  right  or  to  left,  I  bave  no 
remarks  to  make,  but  I  may  refer  tbe  student  first  to  the  recent 
paper  on  this  subject  by  Winkler,*  and  then  to  tbe  earlier  obser- 
vations of  Spiegelherg  f  on  this  uterine  position  during  labour. 
For  my  present  purpose  it  is  more  important  to  have  some  idea  of 
tha  amount  of  deflexion  which  occnts.  With  a  view  to  ascertain 
it,  however  imperfectly,  I  examined  a  series  of  cases  which  I  found 
to  present  this  condition.  I  did  not,  in  all  of  these  cases,  make  - 
ont  whether  or  not  the  deflexion  persisted  dniiag  uterine  action ; 
but  I  ascertained  that  it  did  so  in  some  of  them.  1  hope  to  make 
fartber  observations  on  this  point,  bat  snch  an  inqniry  is  not  essen- 
tial to  my  present  purpose,  it  being  snf&cient  to  know  that  the  devia- 
tion does  generally  persist  during  the  so-called  erection  of  the 
ntems  in  a  pain. 

I  proceeded  as  follows.  Having  the  pregnant  woman  lying  flat 
on  her  back,  I  made  out  the  position  of  the  nteras  by  feeling  its 
outline  with  my  hands ;  this  manipulation  shortly  indnced  a  pain 
which  made  tbe  uterine  form  more  distinct  than  previously;  and 
then  I  could  observe  the  outline  mark  the  projection  of  the  direc- 
tion of  the  axis  on  the  skin,  and  notice  its  just  incidence  on  the 
ontline  of  the  fundus.  Than  I  measured  off,  as  on  a  plane,  the 
angle  between  the  projection  of  the  axis  and  the  vertical  line  join- 
ing theensiform  cartilage  and  the  symphysis  pubis.  1  did  not  try 
to  have  gnidance  from  feeling  the  nterine  aitgles  and  the  parts 
attached  thereto,  as  Winkler  has  done  in  similar  circumstances, 
because  I  tbought  that  such  guidance  would  not  ensure  greater 
approach  to  accuracy  in  tbe  measurements  I  wished  to  make  with 
a  view  to  purely  dynamical  considerations. 

This  angle  I  found  in  five  cases  to  be  8, 10,  11, 14,  15  degrees 
respectively,  or  on  an  average  about  10  degrees.    The  problem  now    . 

•  Jensiaohe  ZsitBchrift,  Iv.  Band.  B.  622.     1868. 
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to  be  solved,  is  to  make  out  from  this  angle  on  the  surface  of  the 
spheroid  what  is  the  correipoodiiig  deflexion  of  the  axis  of  the 
spheroid ;  and  since  the  angle,  an  measuied  low  down  on  the  Bui- 
face  of  the  abdomen  lies  in  a  plane  nearly  parallel  to  that  in  which 
the  axis  of  the  utems  is  deflected  from  the  Mktero-poeterior  mesial 
plane,  the  deflexion  nf  the  axis  may  be  regarded  as  nearly  iden- 
tical in  amount  with  the  angle  meaaared  on  the  surface.  It  is 
probable  that  this  angle  of  denation  of  the  axis  of  the  uterus  from 
the  axis  of  the  hrim  of  the  pelvis  has  important  physiological  and 
practical  bearings ;  but  as  yet  little  has  been  made  out  regarding 
tbem.  It  has  been  looked  upon  as  affording  some  explanation  of 
the  alleged  comparative  frequency  of  laceration  of  the  cervix  ou 
the  left  side  in  ordinary  labour.*  But  the  most  interesting  appli- 
.  cation  of  it  is  to  assist  in  accounting  for  the  production  of  face 
casee.f  It  has  been  shown  how,  under  certain  conditions,  and 
supposing  a  right  lateral  deviation  of  the  uterns,  the  part  of 
the  head  on  the  left  side  of  the  brim — that  is,  the  seat  of  the  con- 
cavity of  the  curvature,  will  have  a  greater  tendency  to  descend — 
that  ie,  to  be  more  powerfully  pushed  downwards  than  the  part 
on  the  right  side  of  the  brim.  Of  this  there  can  be  no  doubt;  and 
the  probability  of  this  being  a  true  theory  or  explanation  of  face 
oases  is  highly  increased  by  remarking  the  apt  manner  in  which 
other  things,  known  in  regard  to  face  prosentationB,  adapt  them- 
selves to  it. 

Another  ingenious  dynamical  theory  of  face  preaentation  has 
been  started  by  Schatz.  He  states  it  as  follows : — "  When  the 
uterus  alone  is  in  actioD,  or  when  there  is  also  acting  uniform 
reeistance  around  by  the  walls  of  the  pelvis,  a  cranial  presentation 
always  occurs,  if  the  occipital  fwamen  of  the  fcetal  head  at  the 
time  of  the  flrst  more  important  shortening  of  the  long  axis  of  the 
uterus  lies  backwards  from  this  towards  the  back  of  the  fmtos, 
but  a  face  presentation,  if  it  deviates  forwards  from  this  towards 
the  broast  side  of  the  fcetns.  With  the  co-operation  of  non- 
uniform resistance  by  the  walls  of  the  pelvis,  cranial  presentation 
is  prodaoed  if  the  occurring  positive  or  negative  distance  of  the 
great  occipital  foramen  towards  the  back  of  the  fcetns  from  the 

■  Edinburgh  Medical  Josraal,  June  1671,  p.  106L 
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long  axia  of  the  uterus  multiplied  iuto  the  positive  Oi  negative 
difference  of  refiistanoe  by  the  walls  of  the  pelvis,  is  greater  on 
the  posterior  side  of  the  foetus  thau  the  product  of  the  same  factors 
on  the  breast  side.  In  the  opposite  circumstances  face  presenta- 
tion is  produced."*  To  all  this  ingenioas  theorising  there  can  be 
no  objectiou  if  the  conditions  are  assumed.  But  the  two  chief 
premises  are  merely  assumed ;  they  are  not  shown  to  occur ;  they 
are  not  shown  to  be  more  likely  to  occur  in  face  presentation  cases 
than  in  others.  Under  these  oircnmetances,  I  submit  that  there 
can  be  no  hesitation  in  preferring  the  formerly  described  theory  of 
face  cases,  where  the  corresponding  assumptions  or  premises  are  not 
mere  assnmptions,  but  well-known  facte;  1  refer  to  the  occasional 
lateral  deviation  of  the  uterus,  the  occaaional  dolichocephalous 
condition  of  the  head,  and  the  greater  liability  of  cases  of  the 
second  or  right  oooipital  position  to  be  transformed  into  face  cases 
than  of  the  first  or  left  occipital  position. 

III.  The  last  curve  of  the  developed  geuital  passage  which  falls 
to  be  considered  is  the  most  extensive  and  the  best  known.  It  is 
the  great  curve  in  the  antero-posterior  vertical  plane,  which  begins 
about  the  middle  of  the  third  bone  of  the  sacrum  and  extends 
through  the  outlet  of  the  ligamentous  pelvis  to  the  outlet  from  the 
soft  parts.  Its  length  may  be  greatly  diminished  by  rupture  of 
the  perineum,  and  still  more  if  the  sphincter  aui  is  torn  through. 
It  forms  a  curve,  whose  amount  of  bending  varies  from  about  60  to 
about  ISO  degrees. 

In  connection  with  this  curve  fall  to  be  studied  the  synditio  and 
allied  movements  of  the  foetal  head  during  its  progress,  to  which 
Eueneke  has  recently  directed  attention,  and  which  have  been  so 
oorefully  discussed  at  home  and  abraad,t  that  it  is  unneoessary  to 
re-enter  apon  them  here. 

In  connection  with  this  curve  have  also  to  he  studied  the  develop- 
ment of  the  lower  part  of  the  genital  passage,  the  greater 
development  posteriorly  where  the  force  is  particularly  or  more 
■trongly  applied,  than  anteriorly  where  there  is  little  more  than 

*  Dat  Qstmri'B  HechauUmn*  der  Kopfendlagen,  S.  72. 
t  See  Ediubnigh  Hedieal  Jonmal,  Jane  1S70,  uid  the  AmBiican  JoumaJ 
of  ths  Hedioal  Scienees,  October  1670,  &o. 
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conntet-pressure,  or  pressure  against  a  fixed  wa]l,  and  that  chiefly 
during  the  temporary  abeyance  of  the  power  of  parturition.  Tbera 
is  to  be  noted,  also,  in  connection  with  this  carve,  the  inevitable 
tendency  of  the  force  of  labour,  not  merely  to  distend  the  perineam, 
but  also  to  mptnre  it  centrally,  to  force  the  presenting  part  through 
it ;  a  tendency  the  study  of  which,  apart  from  other  considerationB, 
leaves  no  possible  doubt  as  to  the  expediency  of  the  practice  of 
supporting  the  perineum,  a  practice  which  can  be  demonstrated  to 
favour  the  maintenance  of  ita  entirety. 

A  novel  practice,  founded  upon  what  1  regard  as  a  misapprehen- 
eion  of  the  conditions  of  this  cnrvatnie,  has  been  recently  much 
dwelt  upon  by  Professor  Schultze  of  Jena.*  The  practice  has  for 
its  object  to  facilitate  and  promote  the  advance  of  the  child  ailer 
its  head  has  reached  the  floor  of  the  pelvis.  It  is  proposed  to  effect 
this  by  extension  of  the  spine,  with  a  view  to  which  a  hard  pillow 
is  to  be  placed  beneath  the  loins  as  the  woman  lies  on  her  back. 
The  extension  of  the  spine  he  believes  to  increase  the  poBterior 
obliquity  of  the  axis  of  the  uteras,  and  therefore  of  the  force  of 
laboar  as  exerted  in  this  part.  By  the  change  supposed  to  be  thus 
effected  in  the  direction  of  the  axis  of  the  uterus,  the  axis  of  the 
force  of  labour  is  brought  more  nearly  to  the  direction  of  the  axis 
of  the  outlet  of  the  pelvis,  whereby  there  is  supposed  to  be  pro- 
duced a  diminution  of  the  otherwise  necessary  loss  of  power  arising 
from  the  change  of  direction  of  the  passage  at  this  part.  Schultze 
alleges  that  he  has  found  this  extension  of  the  spine  to  be  nsefnl 
in  practice.  If  this  utility  is  confirmed  and  ascertained,  nothing, 
of  course,  can  be  said  against  it.  But  for  the  enforcement  of  bis 
recommendation  of  this  practice,  it  is  evident  that  he  trusts  chiefly 
to  theoretical  arguments;  and,  therefore,  I  proceed  to  examine 
them,  and  believe  I  shall  show  that  they  are  fallacious.  Before 
doing  so,  it  is  worth  while  to  point  out  that  the  attitude  recom- 
mended by  Schnltze  is  a  very  unnatural  one,  and  that  a  woman 
straining  in  labour  advanced  to  the  stage  at  present  under  conside- 
ration naturally  assumes  an  attitude  nearly  opposite  to  that  implied 
by  extension  of  the  spine,  an  attitude  of  some  degree  of  flexion, 
an  altitude  which,  keeping  in  view  the  relaxed  state  of  the  sacro- 
ii.,  1807,  and  Lehrbnch 
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sciatic  ligameiits,  may  be  accompanied  by  Bome  degree  of  enlarge- 
ment  of  the  outlet  by  tbe  poeterior  untatioD  of  the  apex  of  the 
■BCram. 

To  Schnltze's  theory  of  the  facilitation  of  the  latter  part  of  the 
eecond  stage  of  labour  hy  extenaion  of  the  spine  several  objections 
may  be  made.  First,  it  is  inconsistent  with  bis  views  as  to  tbe 
facilitation  of  the  entry  of  the  foetal  head  into  the  brim  of  tbe 
pelyis  by  flexion  of  tbe  spine.  That  view  is  based  upon  the  assump- 
tion that  tbe  child's  head  enters  the  brim  of  the  pelvis  so  as  pretty 
nearly  to  occupy  it  and  have  a  nearly  vertical  axis  in  tbe  axis  of 
the  brim.  If  this  he  true  of  the  foetal  bead  at  tbe  brim,  it  will  be 
true  of  it  during  its  coarse,  mutatis  mtUandia,  and  it  will  be  true 
of  that  part  of  the  body  which  occupies  tbe  brim  when  tbe  child's 
head  is  pressing  on  the  perineum.  It  will  be  impossible,  therefore, 
by  any  change  of  the  axis  of  tbe  uterus  to  bring  tbe  line  of  tbe 
labour  force  to  bear  upon  tbe  perineum  in  the  direction  of  a  straight 
line  as  Scbultze  represents  it.  Second,  tbe  upper  cylindrical  solid 
portion  of  the  ligamentous  pelvis,  having  a  length  of  at  least  an 
inch  and  a  half,  has  a  well -determined  axis  with  which  must  corre- 
spond the  axis  of  any  body  fully  occupying  it,  if  the  body  is  of 
uniform  consistence, — conditions  with  which  tbe  foetus  nearly  com- 
plies. If  this  be  tbe  case,  tbe  direction  of  the  force  of  labour  will 
follow  the  same  axis,  and  no  change  of  its  direction  above  the  brim 
of  the  pelvis,  however  produced,  can  have  any  effect  upon  its  direc- 
tion in  any  part  below  the  brim  of  the  pelvis.  Third,  Schultze 
forgets  that  his  practice  is  intended  to  produce  or  increase  posterior 
obliquity  of  the  axis  of  the  uterus  to  tbe  brim,  to  increase  the 
supposed  curve  of  the  natural  promontory,  and  that  every  addi- 
tional degree  of  that  curve  necessarily  produces  additional  loss  of 
power.  The  more,  then,  he  extends  the  spine  he  will  diminish  the 
power  of  labour  available  at  tbe  outlet  of  the  pelvis,  instead  of 
increasing  it,  as  he  expects.  Fourth,  if  Schnltze's  *  views,  as  illus- 
trated by  his  diagrams,  are  correct,  a  dangerous  amount  and  direc- 
tion of  force  would  be  brought  to  bear  upon  the  perineum,  a 
structure  whose  integrity  is  already  sufBciently  imperilled  by  a 
force  whose  direction  is  gradually  changed  as  tbe  fcetus  passes 
through  tbe  tower  half  of  tbe  ligamentous  pelvis. 

*  Lehrbnch  der  Hebammeiikaiiit,  fig.  liii. 
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Before  concluding  the  Donaideration  of  the  great  cnrre  of  the 
genital  pauage  in  the  anteroposterior  Tertical  mesial  plane,  it  ia 
neceuar^  to  point  out  an  important  difficulty  introduced  into  ita 
Btndy  hy  the  change  in  the  condition  of  the  ovam  when  paariog 
through  it,  as  compared  with  the  ordinary  condition  of  the  orum 
when  paBsing  the  pelvic  brim.  Hitherto  I  have  apoken  on  the 
assumption  that  the  ordinary  view  of  the  action  of  the  power  of 
lahour  holds  good  at  all  puts  of  the  course  of  the  child.  This 
view  is,  that  the  power  is  uniformly  applied  fay  the  concave  mrface 
of  the  approximately  spheroidal  uterus  to  the  uniform  surface  of 
the  approximately  spheroidal  ovum,  in  a  direction  corresponding 
to  the  axis  of  the  uterus  and  of  the  developed  genital  passage. 
Now,  this  view  is  probably  nearly  correct  so  long  as  the  mem- 
branes are  unruptured,  or  while  no  special  part  of  the  fntoa 
impinges  on  the  uterus  so  as  to  injure  its  approximately  spheroidal 
fonn,  and  provided  no  part  of  the  fcetus  impinges  on  the  passage 
so  as  to  cause  special  friction  or  obstruction  at  the  part  impinging. 
But  while  the  great  anteroposterior  vortical  curvature  of  the  genital 
passage  is  being  permeated,  this  view  is  no  longer  tenable,  although 
even  then  it  may,  in  a  confessedly  inexact  way,  be  advantageously 
kept  in  mind,  if  other  more  exact  conditions  are  not  stated.  White 
the  curve  is  being  described,  the  membranes  are  generally  ruptured 
and  the  waters  more  or  less  completely  discharged;  and  conse- 
quently the  foetus  is  in  a  variety  of  places  impinging  on  and  chang- 
ing the  form  of  the  propelling  uterus,  and  meeting  with  frictional 
obstruction  In  the  passage  at  special  points  mote  than  at  otbers. 
These  changes  introduce  an  amount  of  complication  of  the  problem 
which  damages  greatly  the  value  of  such  considerations  as  I  have 
above  adduced,  and  I  see  no  means  at  present  of  overcoming  it 
and  of  arriving  at  exactness,  though  there  is  probably  no  inauper- 
able  difficulty  in  the  matter.  Another  element  of  coofueion  is 
introduced  by  the  want  of  uniformity  which  exists  in  the  composi- 
tion of  the  fiBtUB  as  a  mechanical  body.  It  is  especially  to  be 
noted  that  it  contains  a  longitudinally-placed  elastic  beam  of  con- 
nected vertebrt^  which  lies  nearer  the  surface  of  the  mass  at  one 
side  than  at  the  other. 

The  ovum  or  fcetns,  in  its  passage  through  the  developed  genital 
canal,  is  subjected  in  various  circumstances  to  various  rotations  on 
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some  more  or  leBa  longitudinally  directed  axis.  It  ia  also  anbject, 
in  variauB  ci  ream  stances,  to  variona  revolutiona  or  ainuonB  deflexions, 
in  which  its  long  axis  moves  through  portions  of  curves  which  are 
measured  by  correaponding  angles.  On  these  curves  and  their 
influence  I  have  made  a  few  remarks  while  feeling  deeply  their 
imperfection  and  the  need  of  much  further  obsBTvation  and  research. 
The  student  who  has  followed  the  argument  in  this  paper  will  have 
observed  the  resort  to  inferences  when  direct  observations  would 
have  been  preferable.  This  remark  applies  to  every  subject  dis- 
cussed in  it ;  and  while  it  is  to  be  greatly  regretted  that  such  is  the 
case,  it  is  at  the  same  time  not  to  be  forgotten  that  no  method  of 
making  direct  and  exact  observations  has  hitherto  been  discovered. 
The  adoption  of  the  homalographic  method  is  surrounded  with 
difGcnlties,  not  only  in  the  method  itself,  but  also  in  the  procuring 
of  subjects  on  which  to  use  it ;  and  while  results  obtained  by  it 
would  be  of  great  interest  and  importance,  it  is  evident  that  they 
would  not  be  complete  or  sufficient,  for  they  can  never  be  other  than 
observations  on  parts  in  the  repoae  of  death,  not  in  the  turgescenoe 
and  action  of  life.  Until  very  recently,  all  our  knowledge  of  the 
force  of  labour  was  on  a  like  imperfect  footing ;  bnt  already  ingenuity 
has  suggested  a  means  of  basiug  this  subject  on  exact  obser rations, 
and  Schatz  has  availed  himself  of  these  means,  and  greatly  assisted 
ns  to  arrive  at  results  which  we  regard  as  probably  the  most  impor- 
tant hitherto  achieved  in  obstetric  science.  Till  some  ingennity  has 
succeeded  in  devising  means  of  making  like  exact  observations  to 
settle  the  points  discussed  in  this  paper,  we  must  be  content  to  do 
onr  best  to  reach  the  truth  fay  reasoning  on  what  we  do  know  more 
or  less  exactly.  And  it  should  be  remembered  that,  by  this  method, 
we  may  reach  the  greatest  assurance,  if  not  certainty.  A  boy,  play- 
ing with  hie  dissected  puzzle-map,  may  be  certain  that  a  county  is 
rightly  placed  if  it  fits  exactly  into  an  Mitire  hole  formed  of  the 
contenninous  boundaries  of  surrounding  counties,  especially  if  it 
also  fits  in  nowhere  else.  So  a  theory  which  suits  itself  to  all,  or 
is  in  oppcMition  to  none,  of  numerous  known  conterminous  condi- 
tions, may  he,  proviaionall;  at  least,  assumed  to  be  correct,  and  such 
asBomption  of  'ooirectness  will  vary  with  the  number  ami  testing 
cluuacter  of  the  conditions  bo  humoured  by  the  theory. 
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3.  Oq  a  Method  of  Determining  the  Explosive  Power  of 
Gaseous  OombinatioQB.    By  Jamea  Dewar,  Esq- 

{Ahifrael.') 
The  author  describea  an  apparatus  by  meaas  of  which  the 
sxplasive  power  of  gaseous  combiuatifena  can  easily  be  deter- 
miaed,  and  from  this,  by  Bunsen  procesB,  the  temperataro  nay 
readily  be  colcalated.  The  essential  feature  of  the  apparatas  is 
the  registration  of  the  "  compression  volume  "  of  a  given  initial 
Tolnme  of  air,  on  which  the  gaseous  explosive  mixture  has  been 
allowed  to  act.  As  the  dniation  of  the  pressure  is  all  bnt  instan- 
taneons,  thb  well-known  formula 


■-(W 


P,  _  /V,\  1-4 


may  be  employed  to  asoertain  the  final  pressare,  more  especially  as 
the  sudden  lebound  prevents  any  great  Idhb  of  heat.  In  order  to  test 
the  apparatus  many  experiments  were  made  with  mixtures  of  hydro- 
gen and  oxygen,  and  the  mean  result  arrived  at  was  a  condensa- 
tion to  one-fifth  the  original  volume  of  air  (the  initial  volume 
being  measured  at  80  in.  bar],  when  pure  electrolytic  gas  was 
employed.  This  is  equivalent  to  n  pressure  of  9-5  atmospheres, 
and  therefore  agrees  with  Bunsen's  previous  determination.  The 
author  hopes  to  be  able  to  execute  a  series  of  determinations 
under  varying  conditions  of  temperature  and  pressure. 

4.  Note  OD  Sprengel's  Mercurial  Air-Funip.    By  James 
Dewar,  Esq. 

The  ordinary  Sprengel,  requiring  careful  manipulation,  and 
being  apt  to  get  out  of  order,  has  not  yet  become  an  essential 
piece  of  leoturs  apparatus  as  it  ought  to  be.  The  author  exhibited 
to  the  Society  two  modifications  adapted  to  lecture  illustration.  In 
both  instruments  the  mercury  receptacle  is  made  of  iron,  and  instead 
of  the  india-mbber  joint  of  the  original,  a  well-grotuid  iron  stop- 
cook  is  substituted,  the  portion  of  iron  tube  before  the  stopcock 
terminating  in  a  T-shaped  piece  bored  out  of  the  solid.  In  the 
one  form  the  drop-tube  is  of  glass,  attached  by  means  of  marine 
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glue ;  in  the  other,  of  carefully  made  india-rabfaei  tube  four  or 
five  millimetres  in  thioknesB,  of  a  very  small  nnifonn  bore,  made 
expressl;  for  ihe  purpose  by  the  Edioburgb  Bubber  Company. 
The  iiOD  fuDDel-Hhaped  receptacles  aie  ground  at  the  inner  apex, 
so  as  to  fit  perfectly  finely-ground  irou  tubes.  By  means  of  these 
tubes  the  pieliminary  exhaustions  are  mode  by  a  hand  pump, 
and  then  they  are  withdrawn.  This  device  saves  a  separate  joint. 
The  barometer  tubes  are  attached  to  solid  T-shaped  pieces  of  iron 
tube,  and  between  these  pieces  and  the  main  tubes  each  has  a 
small  glass  bulb.  Both  forms  work  for  all  practical  purposes  as 
well  as  glass,  and  suit  admirably  for  Franklaud's  water  analyses, 
and  Graham's  experiments,  &c.  They  may  be  procured  from 
til  Cameron,  philosophical  instrument  maker,  South  Bridge,  Edin- 
burgh. 

5.  Professor  Alexander  Dickson  exhibited  a  large  series  of 
abnormal  cones  of  Pinua  Pinaster  which  were  to  form  the 
subject  of  a  future  communication  to  the  Society, 

The  following  Gentleman  wag  balloted  for  and  admitted 
as  ft  Fellow  of  the  Society : — 

Abchibald  Cohbtaslb,  Esq. 


Monday,  ith  March  1872. 

MACQUORN  EANKINE,  Vice-President, 
in  the  Chair. 

The  following  OommunicationB  were  read : — 

1.  On  the  Connection  between  Chemical  Constitution  and 
Physiological  Action — Continued.  On  the  Physiological 
Action  of  the  Salts  of  Trimetbylsulphin.  By  Prof,  Crum 
Brown  and  Dr  Thomas  R.  Fraser. 

In  the  former  parts  of  this  inTestigation  we  studied  the  physio- 
logical aotioD  of  the  salts  of  a  considerable  number  of  ammonium 
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bases — that  is,  of  the  salts  formed  by  the  noion  of  an  ether  vitb 
tbe  nitride  of  one  or  more  alcohol  radicals.    Thus — 

(CH,)',N  +  CHJ  =  (CHJ.NI 

THmetliTlinilnB  i™.h.  .j  it-i,,i  Iodide  o(  Tetiwnethrl- 

(C.H,J'(CHJN       +       CH,I       =       (C^,0'(CHO.NI 
>f  TttOifL  lodldi  ol  DtmeaflcaalaDL 

(C„H,NO^"N     +     CH,I     =     (C„H«NOX(GH0NI 


(NIUUb  of  <C„H„NO^~ 


Iodide  of  UothjI.  lodlda  of  lfetta7litTTCtinlimi. 


The  examination  of  the  physiological  action  of  such  salts  proved 
that,  while  differing  from  one  another  in  many  respects,  there  are 
two  points  in  which  they  agree — they  all  paralyse  the  end-organs 
of  the  motor  nerves,  and  none  of  them  possess  that  stimulatiag 
action  of  the  spinal  cord  which  ve  observe  in  such  a  sabstance  as 
Etrycbnia. 

Some  years  ago  Von  (Efele  discovered  that  the  sulphide  cf  ethyl 
forms  a  compound  with  the  iodide  of  ethyl,  exactly  as  the  nitride 
of  ethyl  (triethylamine)  does.  To  this  new  salt  he  gave  the  name 
of  iodide  of  triethylsulphin,  and  from  it  obtained  the  bydnited 
oxide  and  various  other  compounds  of  triethylsulphin.  The  num- 
ber of  known  salts  of  this  type  has  been  incnased  by  Cahours  and 
Dehn. 

As  there  are  two  ways  in  which  the  salte  of  the  amtnonium  bases 
may  be  represented, — 1st,  as  molecular  compounds  of  nitrides  with 
ethers ;  and  2d,  as  compounds  of  pentad  nitrogen, — so  the  salts  of 
the  Eulpbio  bases  may  be  represented,  either,  Ist,  as  molecular  com- 
pounds of  sulphides  with  ethers ;  or,  2d,  as  compounds  of  tetrad 
sulphur. 

As  OUT  physiological  observations  had  led  us  to  prefer  tbe  second 
mode  of  representing  the  constitution  of  the  salts  of  the  ammonium 
bases,  it  appeared  to  us  that  it  would  be  of  interest  to  examine 
the  physiological  action  of  tbe  salts  of  the  sulpbin  bases.  We  have 
accordingly  commenced  with  the  simplest  salts  of  this  type,  viz., 
tbe  salts  of  trimethylsulpbin,  and  have  made  a  number  of  experi- 
ments with  the  iodide  and  the  sulphate  of  that  radical.  The  iodide 
was  employed  in  the  form  of  pure  white  crystals;  the  sulphate, 
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which  is  an  «sceBBiTel;  deliqaescent  salt,  vru  employed  in  the 
form  of  BD  aqueous  solution  of  known  strength.  We  found  that 
the  action  of  the  two  salts  waa  identical,  the  difference  of  dose 
being  nearly  proportional  to  the  chemical  equivalent.  In  the  case 
of  warm-blooded  animals  the  sjrmptoins  obaerved  were— increas- 
ing weakness  of  the  volnntary  mnsclea  ending  with  fatal  daBes  in 
asphyxia,  coniiderable  contraction  of  the  pupils,  and  profnse  sali' 
vatioD. 

In  the  case  of  frc^  complete  paralysis  of  the  voluntary  nusclee 
was  produced,  along  with  a  remarkable  stiS^ess  of  the  muscles  of 
the  anterior  part  of  the  body.  By  esperimente  conducted  esactly 
as  described  in  former  papers  read  before  the  Society,  we  proved 
that  the  paralysis  of  the  voluntary  muscleH  was  caused  by  the 
destruction  of  the  function  of  the  motor  end-oi^ans,  the  nerve 
trunks  and  the  muscular  fibres  being  still  active.  In  fact,  the 
action  of  these  salts  is  almost  identical  with  that  of  the  salts  of 
tetramethyl-ammonium,  as  formerly  described  by  us. 

We  intend  to  continue  these  investigations,  and  to  extend  them 
to  the  corresponding  componnde  of  selenium  and  tellurium  and 
to  the  remarkable  series  of  salts  derived  from  Se(GHJ,Cl,  and 
T<CH,),C1„  Buoh  as  Se(CH0,OHNOj,  &c. 

2.  On  the  Mean  Monthly  Rainfall  of  Scotland.     By 
Alexander  Bucban. 

So  far  as  regards  the  annual  amounts  of  the  lainfall  of  Scotland, 
deduced  from  observations  made  at  296  different  places,  the  chief 
point  brought  out  is  the  enormous  difference  between  the  rainfall 
of  the  west  and  that  of  the  east ;  the  stations  along  the  west  coast 
showing  such  figures  as  40,  45,  and  64  inches,  as  compared  with 
24,  27,  and  30  inches  at  stations  on  the  east  coast,  not  situated  in 
the  immediate  neighbourhood  of  hills.  When  it  is  considered  that 
the  source  of  the  rainfall  is  the  prevailing  south  westerly  winds,  it 
is  evident  that  the  comparative  dryness  of  such  districts  as  the 
south  shore  of  the  Firth  of  Forth  is  due  to  high  land  lying  to  the 
south-west,  which  drains  the  winds  of  a  large  portion  of  their  mois- 
ture in  their  passage  across  them.  On  the  other  band,  in  the  West 
Highlands,  where  arms  of  the  sea  open  in  upon  the  land  in  all  direc- 

DiqitlzscbyGOOqlC 


666  Proceedings  of  ike  Royal  Society 

tioDB  from  south  round  to  west,  the  case  is  that  of  a  high  district, 
with  curreuta  of  moist  air  ponied  Id  upon  it,  and  the  coneeqaence 
is,  an  enotmoDB  rainfall,  amoauting,  for  example,  at  Glencroe  to 
128inches,andBt  the  head  of  Iiochlomond  tolls  inches.  Between 
these  extremes  the  amount  of  the  rainfall  Toiies,  the  Tariktions 
being  dependent  on  the  physical  configuiation  of  the  surface. 

The  monthly  average  rainfall  has  been  examined  by  the  dis- 
cuBsion  of  observationB  made  at  126  places  for  long  terms  of  years 
— the  number  of  years  varying  from  10  to  60,  and  the  vhole  aveng- 
ing 21  years.  Of  the  stations  dealt  with,  54  are  on  the  west  slope, 
and  72  on  the  east  slope.  The  mean  annual  rainfall  for  the  whole 
country,  deduced  from  these  averages,  is  44  inches ;  for  the  eastern 
slope  38  inches,  and  foi  the  western  slope  60  inches, — amonnta 
which  ore  probably  not  for  from  the  true  averages  of  these  different 
regions. 

In  December,  the  general  average  for  the  whole  country  is 
greatly  above  the  average  monthly  fall;  in  May  it  falls  to  the 
minimum,  after  which  it  continues  to  increase  till  it  again  rises 
considerably  above  the  monthly  average  in  October,  to  fall  again, 
however,  to  about  the  average  in  November.  The  curve  of  the 
rainfall  of  the  east,  as  compared  with  that  of  the  west,  shows  the 
wet  and  dry  seasons  to  be  less  strongly  marked  in  the  east;  or  the 
departures  &om  the  monthly  averages  are  larger  in  the  west 
Since,  however,  the  curves  closely  resemble  each  other,  the  general 
causes  bringing  about  the  deposition  of  rain  in  the  west  and  in  the 
east  are  the  same.  Eot  at  all  seasons  the  absolute  amonnt  of  the 
rainfall  is  greater  in  the  west  than  in  the  east. 

The  largest  monthly  rainfall  takes  place  in  DeetnAvr  in  the 
north-western  and  western  districts,  end  in  the  mountainous  dis- 
tricts of  the  interior ;  in  January,  in  the  south-west,  the  Ochil  Hills, 
and  east  of  Perthshire ;  whereas,  at  a  number  of  places  in  the  drier 
districts,  Av^iit  is  the  month  of  largest  rainfall. 

The  month  of  least  rainfall  is  A^l,  in  the  south  of  Scotland, 
May  in  the  north,  and  Jmtt  in  Orkney,  Shetiand,  and  Fai6;  and 
it  is  remarkable  that  these  same  months  are  the  months  of  laigest 
(or  very  large)  rainfall  in  various  extensive  regions  on  the  continent 
of  Europe. 
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3.  Note  on  the  Strain-Function.  "By  Professor  Tiiit. 
When  the  lioear  and  vector  fuoctioD  expresBing  a  Btrain  is  eelf- 
conjugate  the  strain  is  pure.  When  it  is  not  self-conjugate,  it  may  be 
broken  up  into  pure  and  rotational  parts  in  varioua  ways  (analogous 
to  the  separation  of  a  quaternion  into  the  «um  of  a  scalar  and  a  vec- 
tor part,  OT  into  the  product  of  a  tensor  and  a  veraor  part),  of  which 
two  are  particularly  noticeable.  Denoting  by  a  bar  a  self-conjugate 
function,  we  have  thus  either 

where  c  is  a  vector,  and  q  a  quaternion  (which  may  obviously  be 
regarded  as  a  mere  versor). 

That  this  is  possible  is  seen  from  the  fact  that  p  involTes  nine 
independent  constants,  while  iji  and  w  each  involve  six,  and  <  and 
q  each  three.     If  p'  be  the  function  conjugate  to  f,  we  have 

f=?-V.,(    ) 
so  that 

2f  =  f>  -\-  f 
and 

2V..(  )  =  ?-  ^ 
which  completely  determine  the  first  decomposition.  This  is,  of 
course,  perfectly  well  known  in  quaternions,  but  it  does  not  seem 
to  have  been  noticed  as  a  theorem  in  the  kinematics  of  strains  that 
there  is  always  one,  and  but  one,  mode  of  resolving  a  strain  into  the 
geometrical  composition  of  the  separate  effects  of  (1)  a  pure  strain, 
and  (2)  a  rotation  accompanied  by  uniform  dilatation  perpendicular 
to  its  axis,  the  dilatation  being  measured  by  (sec.  6-1)  where  $  is 
the  angle  of  rotation. 

In  the  second  form  (whose  solution  does  not  appear  to  have  been 
attempted)  we  have 

9  =  3*(    )3~'. 
where  tbe  pure  strain  precedes  the  rotation ;  and  fiom  this 

or  in  the  conjugate  strain  the  rotation  (reversed)  is  followed  by  the 
pure  strain.     From  these 

VOL.  VII.  4  T* 

DiqitlzscbyGOOqlC 


668  Proceedings  of  the  Soj/eU  Society 

and  *  is  therefore  to  be  foa&d  by  the  solution  of  a  biquadratio 
equation,  ae  in  Free.  R.  S.  E.,  1870,  p.  316.  It  is  evident,  indeed, 
from  the  identical  equation 

9 ,  rfffip  =  S  .  pp'po~ 
that  the  operator  ffp  is  self- conjugate. 
In  the  same  way 

or 

which  show  the  relatione  between  pf,  fp,  and  { . 
To  determine  q  we  bare 

(pp.q  =  qSp 
whatever  be  p,  so  that 

S .  Ty  (?  -  s)  p  =  0 , 
or 

S.p(^-*)Vff=0, 
which  gives 

(f-»)Vj-0. 

The  former  equation  gives  evidently 

V3||V.(?--)«{p-«))? 
whatever  be  a  and  ^;  and  the  rest  of  the  solution  follows  at  once. 
A  similar  process  gives  ns  the  solution  when  the  rotation  precedes 
the  pure  strain. 

4.  On  the  Motion  of  Rigid  Solida  in  a  Liquid  circolating 
Itrotationally  through  Perforations  in  them  or  in  any 
Fixed  Solid.*     By  Sir  William  Thomson. 

1.  Let  tp,  p, ...  be  the  values  at  time  t,  of  generalised  co-ordi- 
nates fully  specifying  the  positions  of  any  number  of  solids  mov- 
able through  space  occupied  by  a  perfect  liquid  destitute  of  rota- 
tional motion,  and  not  acted  on  by  any  force  which  could  produce 

*  Th«  title  an<t  flrat  part  (gj  1  ...  18)  are  new,  The  remitinder  ({J  14, 16) 
wM  coninaTiicated  to  the  Bojal  Society  at  the  end  of  Itet  December.— W.  T. 
SepttmUr  2C,  1872. 
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it.  Some  or  all  of  these  solida  being  perforated,  let  x,  /,  x"t  ^i 
be  the  quantities  of  liquid  which  from  any  era  of  reckoning,  up  to 
the  time  t,  have  traversed  the  aeveial  apertnies.  According  to  an 
extension  of  Lagrange's  general  eqaatione  qf  motion,  used  in  Vol.  I. 
of  Thomson  and  Tail's  "  Natural  Philosophy,"  §§  331. ..336,  proved 
in  §§  329,  331  of  the  German  translation  of  that  volume,  and  to 
be  farther  developed  in  the  second  English  edition  now  in  the  press, 
we  may  use  these  quantities  Xi  /j  .-■  fts  if  they  were  co-ordinates 
BO  far  as  coDcems  the  equations  of  motion.  Thus,  although  the 
position  of  any  part  of  the  fluid  is  not  only  not  explicitly  specified, 
but  is  actually  indeterminate,  when^,  ^■■•■x>X'i  ■.- are  all  given,  we 

may  regard  x,  x' u  specifying  all  that  it  is  necessary  for  ue  to 

take  into  account  regarding  the  motion  of  the  liquid,  in  forming 
the  eqaatione  of  motion  of  the  solids;  so  that  if  (,!},, ..,&ud% 
^...denote  the  generalised  components  of  momentum  and  of  force 
[Thomson  and  Tait,  §  313  (a)  (&)]  relatively  to  i^,  f>...,  and  if 
K,  f^,...E,  E'... denote  corresponding  elements  relatively  to  Xi 
y...,  we  have  (Eamiltonian  form  of  Lagrange's  general  equations) 


dt      difi         '  dt       df  ~ 

)  ■         ■         W>     . 
d«     lrT_-^d«'     bT        , 
-dt^-Sx-^''di*-S^-^ J 

where  T  denotes  the  whole  kinetic  energy  of  the  system,  and  It  dif- 
ferentiation on  the  hypothesis  off,  17,  —k,  k'...  constant. 

2.  To  illustrate  the  meaning  of  x,  K,  k,  x,  —,  let  B  be  one  of  the 
perforated  solids,  to  be  regarded  generally  as  movable,  draw  an 
immaterial  barrier  surface  O  across  the  aperture  to  which  they 
are  related,  and  consider  this  barrier  as  fixed  relatively  to  B.  Let 
N  denote  the  normal  component  velocity,  relatively  to  B  and  O  of 
the  floid  at  any  point  of  O;  and  let^i&r  denote  integration  over 
the  whole  area  of  O :  then 

JTSd^.Ji  .        .        .        (2)1 

and 

X-fdtffSd„        .        ■        .        (8), 

which  is  a  symbolical  expression  of  the  de6nition  of  x>    To  the 
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surface  of  flnid  coinciding  with  O  at  any  instant,  let  ptessore  be 
^plied  of  constant  ralue  K  per  nnit  of  aiea,  over  the  whole  area; 
and  at  the  same  time  let  force  (or  force  and  coople)  he  applied  to 
B  equal  and  oppoette  to  the  reeultaot  of  this  pressure  Bnppoaed  for 
a  moment  to  act  on  a  rigid  material  surface  n  rigidly  oonuectad 
with  B.  The  "  motive"  (that  is  to  aay,  system  of  forces)  consisting 
of  the  pressure  E  on  the  fluid  surface,  and  force  and  couple  fi  •■ 
just  defined,  oonstitutea  the  generalised  component  force  cone- 
sponding  to  x  [Thomson  and  Tait,  §  313  (A)] ;  for  it  does  no  work 
upon  any  motion  of  B  or  other  bodies  of  the  Bystem  if  x  ie  kept  con- 
stant; and  if  X  varies  work  is  done  at  the  rate 
E;i(  per  unit  of  time, 

whatcTer  other  motiona  or  foroes  there  may  be  in  the  system. 
Lastly,  calling  the  density  of  the  fluid  unity,  let  k  denote  "  ciiuola- 
tion"*  [V.  Af.  §  60  (a)]f  of  the  fluid  in  any  circuit  otoaangp 
once,  and  only  once :  it  is  this  which  ooDstitotes  the  generalised 
component  momentum  reUtively  to  x  [Thomson  and  Tait,  {  313 
(e)] ;  for  (V.  M.  §  72)  we  have 

K=/^dt.  .  .  .  (4X 

if  the  system  given  at  rest  (or  in  any  state  of  motion  for  which 
K  =  0)  be  acted  on  by  the  motive  E  daring  time  t.^ 

3.  The  kinetic  energy  T  is,  of  course,  neceasarily  a  quadratic 
f^inctJon  of  the  generalised  momeutum-compouenta,  f,  ij,  ...k,  f^...; 
with  coefficients  generally  functions  of  <fi,  9,...,  but  necessarily 
independent  of  Xi )(,  ■■•  •  In  consequence  of  this  peculiarity  it  is 
convenient  to  put 

T  =  Q(f-(«-aV-Ao...,-jSK-i9'«'-&o.,...)  +  fli(K,K',...)  (5), 

*  Ot/Vdt  if  F  d«aota  the  tangential  eompoQSDt  of  the  aboolate  velocit;  of 
the  flnid  at  any  point  of  the  circnit,  and  fiU  line  integratiim  once  round  the 
ciTcnit. 

t  RefeTeuoea  distfngQlBhed  b;  the  icitials  Y.  H.  are  to  the  pari  already 
pnbliahed  of  the  author's  paper  on  Yortes  Uotion.  (naniaetiatu  itf  Ot 
Roy^  Soeitts/  ttf  Edinburgh,  1667-8  md  186^9.) 

X  The  general  limil«tiaD,  for  frnpnlifTe  action,  that  the  dUpltoementa 
cITocted  daring  it  are  inflnitHy  Bmall,  ia  not  necaaenrj  in  this  case.  Oompara 
iS  {ll),beIov. 
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where  Q,  (Q  denote  two  quadratic  fanctioaa.  This  we  may  alewly 
do,  because,  if  »be  the  numbsi  of  the  Tariablee  (,i]f;  and  j  the 
numbei  of  k,  k... ;  the  whole  natnber  of  coeffioieDte  in  the  eingle 
qnadratic  function  expressing  t  is  ^^- —      n — •  *'''wh  "b  oqnal 

to  the  whole  number  of  the  coe£Bcients  *^*t}l  +  ^'^  t-i?  of  the 

two  quadratic  functions,  together  with  the  ij  available  qnantitiea 
a,0,...«',^,...,... 

4.  The  meaning  of  the  quantities  a,  ^,... a',...  thus  introduced 
is  evident  when  we  remember  that 

For  i  differentiftting  (5),  and  DsiDg  these,  we  fiod 

and  using  these  latter, 

X=^-4-0#.-&c.,;f=^-«'^-^#-Ac (8). 

Equations  (8)  show  that  -aip,  -^P,  ~<^<i',  &^;  ve  the  contribu- 
tions to  the  flux  across  tl,  Of,  &o.,  given  by  the  separate  velocitj- 
components  of  the  solids.  And  (7)  show  that  to  prevent  the  solids 
from  being  set  in  motion  when  impulses  k,  K',--.are  applied  to  the 
hquid  at  the  barrier  surfaaes,  we  must  applj  to  them  impulses  ex- 
pressed by  the  equations 

f  =  M  +  oV+  &c.,  t)  =  pK  +  fSK-¥  &e.,...   .        (9). 

5.  To  form  the  equations  of  motion,  we  have,  in  the  first  place. 


hT 

■0, 

bT 

=  0.. 

uid  therefore, 

by(l) 

d< 

-.  K, 

d«' 

=  K-, 

(10), 
in); 
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which  show  that  the  accelefation  of  k,  imder  the  influence  of  K, 
follovs  simply  the  lav  of  acceleration  of  a  maas  onder  the  influence 
of  a  force.     Again  (for  the  motions  of  the  aolida),  let 

6=  f  -  <w  -  aV  -  &c.,  ij,=  )j  -  yS*  -  ^«'  -  &o.,...         (12); 

and  let  Ht  ,  &c.,  denote  variationa  of  Q  on  the  hypotheeiB  of  ^ 
■h,  ...  each  constant. 

We  have  from  (S),  lemembering  that  --j-,  &o.,  denote  variationB 
of  T,  on  the  hypothesis  of  (,  ij,  ...  k,  k',  ...  constant, 

or,  by  (7) 

Henoe  by  (1) 

f*.^-*(-t*-^*'")-<'S«f*'=)-»-*^-*  ■■■""• 

Now,  remark  that,  according  to  the  notation  of  (12),  fo>ih)---  ^^ 
the  momenta m -components  of  the  solids  due  to  theii  own  motion 
^one,  without  cyclic  motion  of  the  liquid ;  and  thereforo  eliminate 
I  7,...  by  (12)  from  (14).    Thus  we  flnd 


which,  with  the  corresponding  eqnation  foi  ^  ieo.,  and  witii  (11) 
for  K, «',  &a.,  are  the  desired  eqnationa  of  motion. 

6.  The  hypothetical  mode  of  application  of  E,  E',...(§  1)  is 
impoBsible,  and  eveiy  other  (aach  as  the  influence  of  gravity  on  a 
real  liquid  at  difi'eient  temperatures  in  different  parts)  is  impossible 
for  our  ideal  "liquid,"  that  is  to  say,  a  homogeneous  incomprea- 
sible  perfect  fluid.    Hence  we  have  E  =  0,  E'b  0,  aud  from  (11) 
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conclude  that  k,  k',...  are  constants.  [They  are  Bometimee  called 
the  "cyclic conHtftntB(V.M.  §§62.. .64)].  The  eqnatione  of  motion 
(15)  thus  become  simply 

*'{'(s-^)w(i-f,>...| 


with  coiTSBponding  equations  for  i^  i^  and  with  the  following 
relations  from  (7),  between  ^  ijy  and  ^,  9,— 

7.  Let 

BO  that  we  have  • 

{9.n= -{'!'>  9}-        ■        ■        ■    (19)- 

These  qnantities  {f,  ^},  [$,  ip],  &o.,  linear  fanctione  of  the  cyclic 
constants,  with  coefficients  depending  on  the  configuration  of  the 
system,  are  to  be  generally  regarded  eimply  as  given  functions  of 
the  co-ordinates  iji,  f,  6,  ...:  and  the  equatioDs  of  motion  are 


(20). 


In  these  (being  of  the  Hamiltonian  form)  Q  is  regarded  aa  a 
qnadratio  function  of  £^  170,  to"-  ^^^  ^^  coefficients  functions  of 
ifi,  p,  $,  &c. ;  and  fi  applied  to  it  indicates  variationg  of  these  co- 
efficients. If  now  we  eliminate  („  ijg,  Co—  from  Q  by  the  linear 
equations,  of  which  (17)  is  an  abbreviated  expression,  and  so 
have  Q  expressed  as  a  quadratic  function  of  >ji,  ^,  $,•'• ,  with 
its  coefficients  functions  of  ip,  f,  $,  &c.;   and  if  we  denote  by 

da'  di'  ^''  '*^'*''''"^*  **f  y  depending  on  variations  of  these  co- 
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dO,    dQ 
efficients;  and  by  -^    -^   4o.,   variationa  of  Q  depending  on  ■ 

TorUtionB  of  ^,  ^,  <&c. ;  we  have  [compare  Thomson  a&d  Tait, 
§  329  (13)  and  (15)] 

(21); 


(23). 


::i  • 

and  the  equations  of  motion  become 

s*-'!^- if.  «"+(»•«»* 

--^ 

S^-f-lf.*!**^!** 

— '^ 

B*-§- W  *'*- '•■'"* 

— f 

The  first  raemliers  faere  am  of  Lagtsnge'e  fonn,  with  the  remark- 
able addition  of  the  terms  involving  the  velocities  simply  (in 
multiplication  with  the  cyclic  constants)  depending  on  the  cyclic 
fluid  motion.    The  last  terms  c^  the  second  members  contain  traces 

of  their  Hamiltonian  origin  in  the  symbols  tt  j  t- 

8.  As  a  first  application  of  these  eqnations,  let  ^  =  0,  p  =  0, 
0  =  0,  ...  .  This  makes  &  ^  0,  ria  =  0...,  and  therefore  also 
Q  =  0;  and  the  equations  of  motion  (16),  (now  equations  of  equi- 
librium of  the  solids  under  the  influence  of  applied  forces  t,  9, 
&c,  balancing  the  fluid  pressure  due  to  the  polycyclic  motion 
K,  «',.■■)•  become 

a  result  which  a  direct  application  of  the  principle  of  energy 
renders  obvious  (the  augmentation  of  the  whole  energy  ptodnoed 
by  an  infinitesimal  displacement,  S^,  is  ^fifi   ("^^   *V  ^  ^^^ 

work  done  by  the  applied  forces).  It  is  proved  in  §§724„.730Df  • 
volume  of  collected  pnpers  on  electricity  and  magnetism  soon  to  be 


(23); 
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experienced  hy  bodies  of  perfect  diamagnetio  iDduotive  capacity 
placed  in  the  magnetic  field  analogous*  to  the  supposed  cyclic 
irrotatioDal  motion.  Hence  the  motive  influence  of  the  cyclic 
motion  of  the  liquid  upon  the  solids  in  equilibrium  is  equal  and 
oppoBite  to  that  of  magnetism  in  the  magnetic  analogue. 

This  is  propositiOD  II.  of  the  paper  "  On  the  Forces  experienced 
by  Solids  immersed  in  a  Moving  Liquid,"  vhich  relates  to  the 
forces  required  to  keep  the  moTahle  solids  at  rest.  The  present  in- 
vestigation shows  Prop.  II.  of  that  article  to  be  false.  Compare 
"  Reprint,"  §  740. 

9.  Equations  (16)  for  the  case  of  a  single  perforated  movable 
solid  undisturbed  by  others,  agree  sahstantially  with  equations  (6) 
and  (14)  of  my  communication  f  to  the  Royal  Society  of  Edinburgh 
of  February  1871.     The  f„,ij„  ...  of  the  present  article  correspond 

to  the  -^,   ,— ,  &c.,  of  the  former:  the£,  n,...  mean  the  same  in 
du    dv 

both.  The  equations  now  demonstrated  constitute  an  extension  of 
the  theory  not  readily  discovered  or  proved  by  that  simple  considera- 
tion of  the  principle  of  momentum,  and  moment  of  momentum,  on 
which  alone^was  founded  the  investigation  of  my  farmer  articie. 

10.  Groing  back  to  the  analytical  definition  of  <|Q  in  §  3  (5),  we  see 
that  when  none  of  the  movable  solids  is  perforated,  this  configur- 
ational  function  is  equal  to  the  whole  kinetic  energy  (£),  which 
the  polycyclic  motion  would  have  were  there  no  movable  solid, 
diminished  by  the  energy  (W)  which  would  he  given  up  were  the 
liquid,  which  on  this  supposition  flows  through  the  space  of  the 
movable  solid  or  solids,  suddenly  rigidified  and  brought  to  rest. 
Putting  then 

)8  =  E  -  W  .  (24), 

and  remarkiDg  that  E  is  independent  of  the  co-ordinates  of  the 
movable  solids,  we  may  put  —  W  in  place  of  ((J  in  the  equations 
of  motion,  which,  for  this  slight  modification,  need  not  be  written 

*  Proposition  I.  of  article  on  "  The  Forces  experienctd  bj  Solids  Immeraed 
in  a  Moving  Liqnid"  {Proettdingt  B.  S.  E.,  FAruary  1670,  reprinted  in 
Volnmo  of  Electric  and  MuKnetic  papers,  H  783  ...  740). 

t  See  Proceedings  R.  S.  £.,  Session  1670-71,  or  reprint  in  Philosophical 

Mogiaioo,  Not.  1871. 
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oDt  again,  W  might  be  directly  defined  as  the  whole  quantity  of 
work  required  to  remove  the  movahie  eolids,  each  to  an  infinite 
distance  from  any  other  solid  having  a  perforation  with  circolation 
through  it;  and,  with  this  definition, -W  may  be  put  for  jQ  in 
the  equations  of  motion  without  exclusion  of  caaea  in  which  there 
is  ciionlation  through  ^>ertures  in  movable  solids. 

11.  I  oonolude  with  a  very  simple  case,  the  subject  of  my  oom- 
munioation  to  the  Boyal  Society  of  last  December,  in  which  the 
result  was  given  without  |ffoof.  Let  there  be  only  one  moving  body, 
and  it  epberioal;  let  the  perforated  solid  or  solids  be  reduced  to  an 
infinitely  fine  immovable  rigid  ourve  or  group  of  curves  (endless,  of 
course,  that  is,  either  finite  and  closed,  or  infinite),  and  let  there  be 
no  other  fixed  solid.  The  rigid  curve  or  curves  will  be  called  the 
"core"  01  "cores,"  as  their  part  is  simply  that  of  core  for  the 
cyclic  or  polycyclio  motion.  In  this  case  it  is  convenient  to  take 
for  ip,  9,  $,  the  rectangular  oo-ordinates  (x,  y,  z)  of  the  centre  of  the 
movable  globe.  Then,  because  the  corea,  being  infinitely  fine, 
ofTei  no  obstruction  to  the  motion  of  the  liquid,  making  way  for  the 
globe  moving  through  it,  we  have 

Q  =  ^f  +  j"  +  «•)        .        .        (25), 
where  m  denotes  the  mass  of  the  globe,  together  with  half  that  of 
iti  bulk  of  the  fluid.    Hence 

and 


<=S)= 


=  my,  Ca  =  mi 


(26). 


A  farther  great  eimplification  occurs,  because  in  the  present  case 
ad\}/  +  pdp  -I-  ...,  or,  as  we  now  have  it,  ad«  +  pdy  +■  ydk,  is  a 
complete  differential.*  To  prove  this,  let  V  he  the  velocity- 
potential  at  any  point  (a,  (,  c)  due  to  the  motion  of  the  globe, 
irrespectively  of  any  cyclic  motion  of  the  liquid.    We  have 


,./^d       .d      ^d\\ 


ft' 

*  Wbloh  meaiu  that  If  the  globe,  tSba  any  moUon  whatorer,  gnat  or 
Hmall,  comes  again  to  a  pontion  in  which  It  haa  been  befbre,  the  integnl 
qnantit;  d  tiqnid  which  this  motion  haa  caiued  to  eiou  any  fixed  ana  la 
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where  r  denotes  the  radinfi  of  the  globe,  and  D  =  {(«  -  »)■  +  (y  -  6)" 
+  ((-«)*}'.  Hence  if  N  denote  the  component  velout;  of  the 
liquid  at  (a,  (,  c)  in  any  direotion  \,  ^  v,  ve  have 

where 

Let  now  (a,  b,  c]  be  any  point  of  the  barrier  sorfaGe  Q  (§  2),  and 
X,  fi,  V,  the  direction  cosines  of  the  normal.  By  (2)  of  §  2  we  see 
that  the  part  of  j^  due  to  the  motion  of  the  globe  is  fJTSdir,  or, 


(88). 


(4*  4  "*)/•' "■'•'■°' '■'>*' 

Hence,  putting 

JfF  (*,  y,  M,a,b,c)da=V, 

we  see  by  (8)  of  $  4,  that 

<ro   „        (TO  rfU  „.. 

Hence,  with  the  notation  of  §  7  (18)  for  «,  y,...  instead  of  ^,  f,... 

{y.,},=  0,{«,*}=0,{«,y}-0. 
By  this  and  (26)  the  equation*  of  motion  (22),  with  (24),  beoome 
simply 

These  equations  express  that  the  globe  moves  as  a  material  particle 
of  mass  m,  with  the  forces  (X,  T,  Z)  expressly  applied  to  it,  would 
move  in  a  "  field  of  force,"  having  W  for  potential. 

12.  The  Talne  of  W  ia  of  course  easily  found  by  aid  of  spherical 
harmonics,  from  the  velocity  potential,  F,  of  the  polycycUc  motion 
which  would  exist  were  the  globe  removed,  and  which  we  must  sup- 
pose known :  and  in  working  it  out  (small  print  below)  it  is  readily 
seen  that  if,  for  the  hypothetical  undisturbed  motion,  q  denote  the 
fluid  velocity  at  the  point  really  occupied  by  the  centre  of  the  rigid 
globe,  we  have 

W^kM'  +  u,  (31), 
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where  /i  deaofas  ooe  and  a  half  times  the  volume  of  the  globe, 
and  w  denotes  the  kinetic  energy  at  what  we  may  call  the  internal 
motion  of  the  liquid  oconpying  for  an  instant  in  the  undisturbed 
motion  the  space  of  the  rigid  globe  in  the  real  system.  To  define 
u,  remark  that  the  harmonic  analysis  proves  the  velocity  of  the 
centre  of  inertia  of  an  irrotattonally  moving  liquid  globe  to  be 
equal  to  ■;,  the  velocity  of  the  liquid  at  its  centre;*  and  con- 
sider the  velocity  of  any  part  of  the  liquid  sphere,  relatively  to  a 
rigid  body  moving  with  the  velocity  q.  The  kinetic  energy  of 
this  relative  motion  is  what  is  denoted  by  to.  Remark  also  that  if, 
by  mntnal  forces  between  its  parts,  the  liquid  globe  were  suddenly 
rigidified,  the  velocity  of  the  whole  would  be  equal  to  3;  and 
that  Jm^*  is  the  work  given  up  by  the  rigidified  globe  and^snr- 
rounding  liquid  when  the  globe  is  suddenly  brought  to  rest,  being  the 
same  as  the  work  required  to  etart  the  globe  with  velocity  q  from 
rest  in  a,  motionless  liquid. 

Lot  P  •{■  <!'  be  the  Telocity  potential  at  (i,  g,  i)  in  the  actual  motion  of  the 
liquid  when  the  rigid  globe  is  fixed.  Lot  a  be  the  lading  of  the  globe,  r 
distanco  of  (z,  y,  z)  from  ite  centre,  and  Jfdr  integration  otoc  ita  surface. 
At  any  point  of  the  surface  of  the  iuetantaneom  liquid  globe,  the  componont 
valocitj  perpendicular  to  the  Bpherical  enrface  in  the  undisturbed  motionje 
(j:)  '•  and  hence  the  impnliive  pressnre  on.  the  Bpherical  surface  re- 
qojted  to  change  the  veloeitj  potential  of  the  axtemal  liquid  from  P  to  P-f-^. 
beiDg  -~  ^,  undoes  an  amount  of  work  equal  to 


//-*< 


in  reducing  the  normal  component  from  that  value  to  zero.  On  the  other 
hand,  the  internal  velocity-polential  is  reduced  from  F  lo  lero,  and  the  work 
UDdone  iu  this  proceea  is 


ff"^ 


*  Thia  follows  immediately  from  the  propoeition  (Thomson  and  Tait's 
"  Natural  Philoeophj,"  \  496)  that  any  function  V,  satisfying  Laplace's 
equation  ^^  -I-  ^L_  -|-  ^L_  throughout  a  Bpherical  space  has  for  its  mean 

OF  a^  OE* 

value  through  this  space  its  value  at  the  centre.     Foi   -^     aaliaSes  Laplaco's 
cquiition. 
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The  condition  that  with  velocity-potential  P  +  <t  there  iB  qd  fiew  perpon- 

dicnlar  to  the  aphcrical  anifaoe,  girea 

(?+»„.="  •    ■    ■    w- 

Now  lot 

P  =  P.  +  Pi^+ +P   (i)'       +*"=■) 

1  (if'        *^'' 

+=  "^lO)  + +'^'0)*^  "'"*°') 

he  the  aphericol  harmonic  deTolopmenta  of  F  and  <{.  relatively  to  the  centre 
of  the  rigid  globe  aa  origin,  the  former  necessarily  convergent  tbronghont  the 
lugeat  Bpherical  apace  which  can  bo  described  Arom  tbia  point  aa  oantre 
without  enclosing  any  part  of  the  core ;  the  latter  neceaaarily  convergent 
tbrongboQt  space  external  to  the  sphere.    By  (S3)  we  have 

Tj  =  ,^-lPi      ....        (85). 

Hence  (82)  gives 

-  =  '#-('?fr''0(-')' 

which,  by 

iTArPiP.'  =  0, 

becomeB 

^"k-^^/M  ■   ■  ■   m- 

Now,  remarking  that  a  solid  spherical  harmonic  of  the  first  degree  may  be 
any  linear  fonction  of  z,  y,  t,  put 

P,^  =  Ai+By  +  Ci  .       .       (87), 

which  pvea 

j'zsA'  +  B'  +  C, 

\ffdr^\  =  (A'  +  B*  +  C) .  ^  .^d^  =  !>  X  velnme  of  globe  =  |  >.?' . 
JJence  by  (36 

w=iM'+i^*(¥  "■;+¥■'!  +•■)  ■   p")' 

and,  therefore,  by  comparison  with  (31), 
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13.  When  th«  radiuB  of  the  globe  is  inQnitel;  small, 

W-Jw-       ....      (40), 

where  /a  denotes  one  and  a  half  tunes  the  volume  of  the  globale, 
and  q  the  undisturhed  velocity  of  the  fluid  in  its  neighbourhood. 
This  correaponds  ito  the  formula  which  I  gave  twenty-fire  years 
ago  for  the  force  experienced  by  a  small  sphere  (whether  of 
ferromagnetic  or  diamaguetic  non-cryatalline  substance)  in  virtue 
of  the  iudaotive  influence  which  it  experiences  in  a  magnetic 
fiebi.* 

11.  By  taking  an  infinite  straight  line  for  the  core  a  simple  but 
very  important  example  is  afibrded.  In  this  case,  the  undisturbed 
motion  of  the  fluid  is  in  circles  having  their  centres  in  the  c<m 
(or  axis,  as  we  may  now  call  it),  and  their  planes  perpendicnlar  to 
it.  As  is  well  known,  the  velocity  of  irrotational  isvolvtioi)  rmind 
a  straight  axis  is  inversely  proportional  to  distance  from  the  axis. 
Hence  the  potential  function  W  for  the  force  experienced  by  an 
infinitesimal  solid  sphere  in  the  fluid  is  inversely  as  the  square  of 
the  distance  of  its  centre  from  the  axis,  and  therefore  the  force  is 
inversely  as  the  cube  of  the  distance,  and  is  towards  the  nearest 
point  of  the  axis.  Hence,  when  the  globule  moves  in  a  plane 
perpendicular  to  the  axis,  it  describes  one  oi  other  of  the  foms  of 
Cotesian  spirals  f.  If  it  be  projected  obliquely  to  the  axis,  the 
component  veloci^  parallel  to  the  axis  will  remain  constant,  and 
the  other  component  will  be  nnafected  by  that  one;  so  that  the 
projection  of  the  globule  on  the  plane  perpendicular  to  the  axis 
will  always  describe  the  same  Cotesian  spiral  as  would  be  described 
were  there  no  motion  parallel  to  the  axis.  If  the  globule  be  left 
to  itself  in  any  position  it  will  commence  moving  towards  the  axis 
M  if  attiaoted  by  a  force  varying  inversely  as  the  cube  of  the  dis- 
taaoe.  It  is  remarkable  that  it  traverses  at  right  angles  an  in- 
creasing liquid  current  without  any  applied  force  to  prevent  it 

*  "  On  the  Forcea  Experienced  by  Small  BphereB  under  Magnetio  Infln- 
enoe,  and  Boma  of  tlic  Phenomena  preaeated  by  Diunagnetia  finbitaneea " 
(Oambridgt  and  Dabli»  McUAentatieal  Joarnai,  May  IMT};  and  "  Bemarka  on 
the  FoKim  esperieneed  by  ludnctiTely  HagnetJBed  Ferromognetio  or  Dianwg- 
uetio  Non-eryataUIne  SubstoncoB"  {PhU.  Mag.  OiOtiier  1860).  Beprint  of 
Papon  on  Electrottatioa  and  HsgnotJBm,  U  684-65%    Macmillan,  1872. 

+  TAitandStMb'«"DyQftmi<»ofaFarlio]a."f  119(16). 
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from  being  (as  ws  might  erroneonaly  at  first  sight  expect  'it  to  be) 
carried  sideways  with  the  augmented  stream.  A  piopeily  trained 
dynamical  intelligence  wonld  at  once  perceive  that  the  constancy 
of  moment  of  momentum  ronnd  the  axis  reqaiies  the  globule  to 
move  directly  towards  it. 

15.  Suppose  now  tbe  globule  to  be  of  the  same  density  ss  the 
liquid.  If  (being  infinitely  small)  it  is  projected  in  the  direc- 
tion and  with  tbe  velocity  of  tlio  liquid's  motion,  it  will  move 
round  tbe  axis  in  the  same  circle  with  tbe  liquid ;  but  this  motion 
would  be  unstable  [and  tbe  neglected  term  w  (39)  adds  to  the  in- 
stability]. Compare  Tait  and  Steele's  "  Dynamics  of  a  Particle," 
§  119  (IS),  Species  17.,  case  A  =  0  and  AB  finite ;  also  limiting 
variety  between  Species  I.  and  Species  7.  The  globule  will 
describe  the  same  circle  in  the  opposite  direction  if  projected  with 
the  same  velocity  opposite  to  that  of  tbe  fluid.  If  the  globule 
be  projected  either  in  tlie  direction  of  tbe  liquid's  motion  or 
opposite  to  it,  with  a  velocity  less  than  that  of  tbe  liquid,  it  will 
move  along  the  Cotesian  spiral  (Species  I.  of  Tait  and  Steele), 
from  apse  to  ocntie  in  a  finite  time,  with  an  infinite  number  of 
tnms.  If  it  be  projeoted  in  either  of  those  directions  with  a  velo- 
city greater  by  v  than  that  of  the  liquid,  it  will  move  ^long  the 
Cotesian  spiral  (Species  7.  of  Tait  and  Steele),  from  apse  to  asymp- 
tote. Its  velocity  along  the  asymptote,  at  an  infinite  distance  &om 
tbe  axis,  wilt  be 


Jt^)- 


and  the  distance  of  the  asymptote  from  tbe  axis  will  be 


where  a  denotes  tbe  distance  of  the  apse  from  the  axis,  and  ^—  tbe 

velocity  of  the  liquid  at  that  distance  from  the  axis.  If  tbe  globule 
be  projected  from  any  point  in  tbe  direction  of  any  straight  line 
whose  shortest  distance  from  the  axis  is  p,  it  will  be  drawn  into 
the  vortex  oi  escape  from  it,  according  as  the  component  velo- 
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city  ID  the  plaDe  perpeadicular  to  the  axis  is  lees  oi  greater  than 


2np' 


It  is  to  be  remarked  that  in  eveiy  case  in  which  the  globnle 


ig  drawn  in  to  the  axle  (except  the  extreme  one  in  which  ita 
velocit;  is  infinitely  little  less  than  that  of  the  fluid,  and  ita  spiral 
path  infinitely  nearly  perpendicular  to  the  radius  vector),  the  spiral 
by  which  it  approaches,  although  it  has  always  an  infinite  number 
of  conTolutions,  is  of  finite  length ;  and  therefore,  of  course,  the 
time  taken  to  reach  the  axis  is  finite.  Considering,  for  simplioity, 
motion  in  a  plane  perpendicular  to  the  axis ;  at  any  point  infinitely 
distant  from  the  axis,  let  the  globule  be  projected  with  a  velocity 
V  along  a  line  passing  at  distance  p  on  either  side  of  the  axis. 
Then  if  t  denote  the  velocity  of  the  fluid  at  distance  unity  from 
the  axis  Fwhich  isequalto^H,  and  ifwe  put 

»..l-^       ....       (4„, 

the  polar  equation  of  the  path  is 

r  =  _^„       ....     (42). 

Hence  the  nearest  approach  to  the  axis  attained  by  the  glo- 
bule is  up,  and  the  whole  change  of  direction  which  it  oxpe- 


-G-0- 


The  case  of  -  =  2'3  is  represented  in  the 

annexed  diagram,  copied  from  Tait  and  Steele's  book  [§  149  (IS), 
Species  V.]. 
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Mottday,  I8th  March  1872. 

Pbofebbor  KELLAND,  Yice-President, 
in  the  Chair. 

The  following  CommUDications  were  read  : — 


1.  On  the  Extraction  of  the  Square  Boot  of  a  Matrix  of 
the  Third  Order.    By  ProfeBBor  Cayley. 

Professor  Tait  baa  consideied  the  qaeetion  of  finding  the  squaie 
loot  of  a  Btrain,  or  what  is  the  same  thing,  that  of  a  matrix  of  the 
third  order — 


A  mode  of  doing  this  is  indicated  in  my  "  Memoir  on  the  Theory 
of  Matrices"  {Phil.  Trant.,  1858,  pp.  17-37),  and  it  is  interesting 
to  work  out  the  solution. 

The  notation  and  method  will  be  understood  from  the  simple 
case  of  a  matrix  of  the  second  order.     I  write 

to  denote  the  two  equations,  aii  =  ax  +  6y,  y,  =  c*  +  dy.  This  twing 
BO,  putting 

we  arrive  at  the  value  of  the  squared  matrix,  viz., 

t  o,  5  1'    =     I    a*  +hc,h(a  +  d)), 
\c,  d\  I  <«  +  i).     <^  +  ic  I 

and  we  have  Bimilarly  the  third,  fourth,  and  higher  powen  of  a 
matrix.    The  zero  power  is  the  matrix  unity,   -    (1,0). 
I  0.  1  I 
The  zero  matrix  is  (  0,  0  ),  and  when  a  matrix  is  put  =  0,  this 
I  0,  0  I 
means  that  it  is  a  matrix  of  the  last-mentioned  form. 
VOL.  Tn.  4  u*,-,  , 
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Consider  the  matrix  H  =    i  a,  h  );  write  down  the  eqnation, 

la -IS,  I  1-0, 

1<  ,<i-M| 

where  the  fnnction  oa  the  left  hand  is  a  determinant,  M  being 
therein  regarded  in  the  first  instance  as  a  quantity,  viz.,  this  equa- 
tion is 

M'  -  (ffl  +  <i)M  +  {ad~bc)W  =  0; 

and  then  snbstitnting  for  M*,  M,  lU^,  their  espreBBions  as  matrices, 
this  equation  is  identicall;  tme,  viz.,  it  stands  for  the  foar  iden- 
tities— 

o*    +  he  -   (a  +  d)a  +  ad  -  be  =  0, 
b(a  +  ^  -  (a  +  d)b  -  0, 

cfffl  +  d)  -  (o  +  d)  c  =0, 

tP    +  be   -    (a  +  d)d   +  ad  -  be  =    0, 

and  the  like  property  holds  for  a  matrix  of  any  order. 

To  extract  the  square  root  of  the  matrix  U  =    f  a,  fi  )  ;  in 
\c,d\ 
other  words,  to  find  a  matrix  L   ^   f  a,  b  1  snch  that  L*=1I; 

1  C  d| 
that  IS 

fa"    +  be,  Ka  +  d)  )     =    {  a,  fi  ) , 
1  c(a  +  d),    d»  +  bo  I         ■  I  c,  d  I 

(four  equations  for  the  determination  of  a,  b,  o,  >}) : — 
The  solntion  ia  as  follows :  write 

I  o  -  M,       6      I   =   Ma  -  pM  +  o, 
I      c     , d~  m| 

(g  is  here  written  for  qW,  and  so  in  other  caaes) ;  and  similarly 

[a-  L,      b      I   =   L»-  pL  +q, 
c    ,  d  -  L  j 


M»  -  pM  +  J  =  0, 
L*  -  pL  +  q  =  0, 
Li    =  M; 

and  from  these  equations  we  may  express  L  as  a  linear  function  of 
M,  M°,  with  coefficients  depending  on  p,  q;  and  also  determine 
the  unknown  quantities  p,  q  in  terms  of  ;>,  q. 
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We,  io  fact,  have 

L  =  JcM  +  q); 
Also  thie  giTsa  (M  4-  q)'  -  p'M  =  0,  that  ie 

]r-(p'-  2q)M  +  q'-  0, 
which  must  agree  with 

M»  -  pM  +  3  =  0; 
consequently, 

P"  -  2q  =  i>,  q"  =  y , 
that  IB, 

q  =  \/j,  p  =  Vp  +  2/'q, 
and  then, 

which  is  the  required  eolation ;  viz.,  this  signifies 
L   =    (  a  +  q  6 

I      P     '        P 

0  d  +1 
I       p     '        P 

where  p,  q  have  the  above-mentioned  valoes — a  resnit  which  can 
be  at  once  verified.    Observe  that  there  are  in  all  4  solatioos,  but 
these  correspond  in  pairs  of  solutions,  difi'ering  only  in  their  sign ; 
the  number  of  distinct  solutions  is  taken  to  be  =  2. 
Passing  now  to  the  case  of  a  matrix  of  the  third  order, 

let  the  expanded  Talee  ef  the  detenniciuit 

1  be.  -  (M'  -yM'  +  jM  -  r)i 


and  let  the  required  square  ivot  he 
L 


I  d,  e,  f  f 
8,  b,  i 
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And  p,  q,  r,  have  the  like  BignificatiouB  iD  regard  to  L.    Then  from 
the  equations — 

W  -  pW  +  qM  -■  r=  0, 
■    L"  -  pL '  +  qL  -  r  =  0 , 
I'  =    M, 

ve   can   express  L  as  a  linear  function  of  M*,  ]tf,  M°,  with  co- 
efficients depending  on  p,  q,  t  ;  and  obtain  expreaaions  for  p,  q,  r, 
in  terms  of  p,  q,  r. 
We  have 

L(M  +  q)  =  pM  +  r, 
that  IB, 

Bnt  we  have 

M»  -  pM>  +  jM  -  r  =  {M  +  q)  (m'  +  6T£  +  p  +  g^) 

where 

-  tf  =   q     +  p, 

P  =   q    +  qp  +  y, 

-  a  =  q*  -\-   qp'+  tig  +  r, 
and  thence 


=   Pq  ~  ' 


(m  +  m  +  p1  +  p, 


that  is,  L  =  xM*+^M  +  e,  whereo:,  y,  lare  given  functions  of  p,q,T 

To  determine  tbeee,  ohserve  that 

a/SCM  +  q)  =  pM  +  r, 
that  is 

M'  -  (p"  -  2q)M*  +  (q'  -  2pr)M  -  H  =  0 , 

which  must  agree  with 

M"  -  pM'     +  jM  -  r  =  0 , 
or  we  have 

p'  -  2q  =  p,  q'  -  2pr  =  3i  r*  =  r, 
whence 
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which  are  the  required  values ;  there  being  in  all  eight  solations, 
bnt  these  coireBpond  in  pain  of  solutions  of  opposite  sign,  so  that 
the  number  of  independent  solutions  ia  =  4.  The  form  of  the 
result  agrees  in  a  remarkable  manner  vith  that  obtained  by  Pro- 
fessor Tait  on  totally  different  principles  {ante,  p.  316). 

I  annex  a  further  investigation,  starting  from  the  assumption 
that  the  solution  is  ^M  "  ^^*  +  yM  +  z;  viz.,  writing  for 
ahottness — 

M"  =  fa',  6',c'), 

then  the  solution  is 

^M  =  (  ax^  +ya  +  1,  a*  +  y6  ,  caf  +  t/e  ) 
}«<{■  + yd  ,  Xff  +  ye  +  x,  x/  +  y/  I 
I  xg"  +  yg         ,     *A' +  yA         ,      »+  y,  +  ,  | 

where  observe  that  only  a,  e,  i  contain  x;  and  that  the  differences 
e-i,  i-a,a-eare  independent  of  «.    We  ought  to  have 

a'+  eg  +  bd  =  o  [  b(a  +  e)  +  ch  - 1 1  d(ft  +  e)  +  fg  =  J , 
e*+  db  +  fh  =  e  f (e  +  i)  +  dc  =  /  h(e  +  i)  +  gb=  A, 
i»+  hf  +  eg  =  i  I  g(i  +  a)  +  hd  -  3  I  cCi  +  a)  +  iif  =  e  , 

viz.,  these  nine  equations  should  he  satisfied  by  a  common  set  of 
Toluea  <^  x,!fi'i  or,  what  is  the  same  thing,  the  whole  system 
should  be  equivalent  to  the  first  triad  of  equations.  To  verify  this, 
observe  that  we  can  from  the  first  triad  (by  the  linear  elimination 
of  s*  and  »)  obtain  an  equation  of  the  form  (x ,  y)*  +  x  =  0 ;  say 
this  is  the  equation  0=0.  In  fact,  multiplying  by  a  -  i,  i  -  a, 
a  —  e  and  adding,  the  three  equations  give 

(e-i)Ci-a)(a-e)  +/h  fe-i)  +  gc  (i-a)  +  bd{a-ej 

where  the  first  line  contains  terms  of  the  form  (x,  y)*,  the  second 
line  is  linear  and 

.[.(.■-.l  +  .(i--«1  +  .(«'-0>, 

viz.,  this  is 

.[(.-fl(i-aX.-.)+/J(.-.HiK(<-")+M<'-<)l'- 
The  whole  equation  divides  by  the  coefficient  of  x,  and  the  result 
«('.»)*+*■=  0- 
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Nov,  from  any  one  of  the  remainlDg  nix  eqnations,  together 
Tith  two  equatioDB  of  the  first  triad,  we  can  obtaiu  the  same  reBolt, 
0  =  0.  Thus,  if  the  selected  equation  is  b(a+e)-t-ch- 6  =  0,  then 
fiom  the  fiiet  and  second  equations  of  the  triad  we  have 

(a'-e')+cg-fh-(a-e)  =  0, 
and  thence 

(a-e)(6-ch)+b(cg-fb)-b(a-e)  =  0. 

There  is  here  the  linear  term  6  (a  -  e)  -  b  (a  -  e),  viz.,  this  is 

=  [Ha'-O-%-0>. 
which  is 

=  E-(a-e)<A+i(cj7-/i)k. 

The  whole  equation  divides  hy  the  coefficient  of  x,  and  gives  the 
foregoing  equation,  0=0. 

Thus  the  equations  reduce  themselves  to  the  first  triad :  writing 
these  nnder  the  form 

^a»  +  eg  1-  bd)  =  ^(e'  +  bd  +  fh)  =  i{i»  +  hf  +  eg)  =  1 , 

then  omitting  the  last  equation  ( —  1),  these  are  of  the  form 
tJ  =  V  =  W,  where  D,  V,  W  are  homogeneous  qnadric  functions  of 
K,y,s;  viz.,  treating  these  as  co-ordinates  they  represent  two 
quadric  cones,  having  a  ccmmoa  vertex,  and  inteTsecting  in  4 
lines :  or  we  have  4  sets  of  values  of  the  ratios  x-.y.e:  or  for 
x,y,z  themselves  8  sets  of  values ;  but,  as  before,  these  correspond 
in  pairs,  and  the  number  of  distinct  solutions  is  taken  to  he  =  4. 
I  return  to  the  equation  0=0.    This  is  found  t«  be 

I  (o  -  pyx  -  y,  bx  ex  \  -  x  =  0 

dx  (e  ■-p)x  -  y  fx 

I  gx  hx  (•'  -  p)*  -  y  I 

(j)  =  a  +  e  +  iaa  before) ;  oi  what  is  the  same  thing,  the  equa- 
tion is 


/ 
i  -  p  ~ 
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I  verify  thia  by  the  former  solution,  as  follows : — We  have 
^  .  PlJl-',  ,  =  B_^',.  ,i,.ti,,?  =  »,,_,_,. 

The  eqnadoD  thus  hecomes 

I  «  +  q,     »,    ,     e      I  I.'  „ 

I    3  ,    *  .•  +  ql 

that  is 

But  we  have 

-  (11  =  q*  +  pq'  +  jq  +  r , 
and  the  equation  thus  becomes 

q»  +  pq'  +  jq  +  »•  -  (pq  -  r)»  =  0 ; 

viz.,  anlwtitating  for  p,  q,  r  their  values  in  terms  of  p,  q,  r,  this  is 
the  identity, 

q*  +  q'(p»  -  2q)  +  q  (q=  -  2pr)  +  r*  -  (pq  -  r)'  =  0  . 
An  interesting  case  is  where  tbe  given  matrix  M  is  unity ;  that  is 
M   =   (  1,  0,  0  } 


(1,0,0V 
I  0,  1,  0  f 
I  0,  0,  1  I 


We  have  here  p  =  3,  ?  =  3,  r=l;  the  equation  in  q  is 
q»_6q'-8q  -3  =  0; 

that  i8(q-8)  (q+l)'^0;  viz.,  q  =  3  or  q= -1.  Taking,  as  we 
may  do,  r= +1,  we  have  the  two  solutions  (p=3,  q  =  3,  r=l)aDd 
(p=-l,q=_l,r^l). 

For  the  first  of  these  tf-  -6,  p  =  2l,  »=  -64,  pq-r  =  8,  and 
thence 

L  =  -  g(M'  -  6M  +  21)  +  3,-1,  on  vrriting  therein  M  =  1 ; 
viz.,  we  have  L  the  matrix  unity,  a  self-evident  solution. 
But  for  the  second,  $•*  -2,  ^  =  1,  iii=0,  pq-r=0,  and  the 

solution  takes  the  form  i/iA   =  s  (M  -  1)'  -  1-      There  is,   in 
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fact,  a  solution  containing  four  arbitrary  coDBtants,  given  (with 
Bomd  mispriDts)  in  the  "  Memoir  on  Katricee,"  and  which  (for 
convenieDce  changing  the  aigns)  is  aa  foIlowB : — 
L  = 


( 


a  +  ^  +  y 

(r  +  -jj 

.  +  ys  +  / 

(«+«A 

(^  +  r)^ 

V  +  y)i 

tt  +  /3  +  t' 

a  +  /3  +  v 

-  P 

(r  +  -)? 

a  +  ;3  +  y 

•  +  /3  +  T 

(>  +  ^>> 

-  V 

h/J  +  y 

(or,  what  is  the  same  thing,  we  may  omit  the  denominaton, 
asBurotng  a+fi+y=  1);  it  is,  in  fact,  easy  to  verify  that  this  baa 
foi  ita  square  the  matrix  nnity.  Moreover,  we  have,  as  above, 
p=-l,  q=-l,  r=l. 

2.  Second  Note  on  the  Strain  Function.    By  Prof.  Tait 

3.  Note  on  the  Rate  of  Cooling  at  High  TemperatureB.    By 
FrofesEor  Tait. 


4.  Notice  of  a  Large  Boulder  in  the  Parish  of  Battray,  and 
County  of  Perth,  having  on  one  of  its  sides  Cups  and 
Qrooves,  apparently  artificial    By  D.  Milne  Home. 

About  a  year  ago,  the  Council  of  this  Society  appointed  a  Com- 
mittee to  make  inquiry  about  boulders  in  Scotland. 

The  Committee  intend  to  aubmit  to  the  Council  a  general  report 
of  their  proceedings,  showing  the  progress  made. 

The  object  of  the  present  notice  is  to  give  to  the  Society  an 
account  of  one  of  the  boulders  reported  to  the  Committee,  as  a 
specimen  of  the  information  which  they  have  been  obtaining. 

The  Sev,  Mr  Herdman,  minister  of  Battray,  in  Perthshire,  sent 
to  the  Committee  an  answer  to  their  circular,  specifying  the  follow- 
ing boulders  and  standing  stones  in  his  pariah  : — 
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lal,  A  Btone  known  from  time  immemorial  as  the  Standing  Stone 
of  QUnhalloch. 

This  bouldei  is  angnlar,  and  rudely  pyramided  in  form.  Its  entire 
height  is  12  feet.  At  its  base  it  is  about  S  feet  square;  and  half- 
way up,  about  6  feet  square.  Its  weight  ia  estimated  at  about  25 
tons. 

It  rests  on  what  Kr  Heidman  describes  as  a  firm,  bard,  dry, 
sandy,  reddish  yellow  clay,  called  by  the  faimeis  of  the  district, 

till'. 

On  one  side  of  this  stone,  viz.,  that  facing  the  glen,  on  the  north 
bank  of  which  it  stands,  there  are  cuttings  or  incisions,  which  Mr 
Herdman,  and  others  skilled  in  archfeology  who  have  examined 
them,  believe  to  be  artificial.  These  inoisions  are  of  two  kinds  : 
Firat,  hemispherical  cavities,  abont  twelve  or  thirteen  in  number; 
and  tecond,  grooves  which  on  some  points  touch  or  run  into  these 
cavities. 

2(i,  In  another  part  of  the  same  estate,  viz.,  of  Craighall, 
belonging  to  Colonel  Clark  Battray,  there  is  a  spot  known  as  "  The 
Stannin'  Stanes."  This  name  occurs  in  the  parish  records,  Mr 
Herdman  says,  so  far  back  as  300  years.  There  was  a  small  farm 
long  known  by  the  name  of  "  Stannin'  Stanes;"  and  about  forty  years 
ago,  there  were  dwelling-houses  at  the  place,  forming  a  hamlet 
which  bore  the  same  name. 

Though  there  ia  only  one  large  stone  at  this  place,  Mr  Herdman 
is  of  opinion  that  it  once  had  companions.  These  have  disappeared. 
They  are  probably  in  dykes  and  cattle  sheda,  not  far  off. 

The  stone  which  remains,  is,  in  length  above  ground,  about  5 
feet,  and  is  about  4  feet  square.  It  is  believed  to  be  sunk  in  the 
ground  3  feet.  Its  weight  is  estimated  at  S  or  9  tons.  It  stands 
upright. 

Zd,  There  is  a  group  of  itonei,  each  containing  about  7  cubic 
yards  of  rock,  and  each  weighing,  probably,  about  14  tons,  situated 
on  the  farm  of  Glenballoch,  not  far  from  the  large  stone  first  men- 
tioned. Lines  joining  these  4  stones  would  form  an  irregular  square. 
The  intervals  between  the  stones  are  from  9  to  12  feet.  The  atone 
at  the  south-west  angle  is  higher  than  the  others,  reaching  to 
a  point  5  feet  above  the  ground.  The  other  three  stones  lie  on  their 
sides. 

DiqitlzscbyGOOqlC 


684  Proceedings  of  the  Soyal  Society 

Aih,  There  is  another  group  of  ilones,  five  or  six  in  number,  on 
Hatlon  Bill,  about  500  yards  to  tbe  east  of  the  hill  top,  and  about 
20  feet  belotr  its  level.  Each  of  these  stones  is  on  average  about 
a  cubic  yard  in  solid  content,  and  neighs  about  two  tons. 

Hatton  Hill  is  at  its  top  about  900  feet  above  the  sea.  Tbe  form 
of  GleDballoch,  on  which  most  of  the  other  stones  are,  is  about  750 
feet  above  tbe  sea. 

To  revert  now  to  the  stone  first  mentioned,  the  annexed  wood- 
cut will  give  an  idea  of  its  shape.  The  cups  or  cavities  on  its 
sides — which,  however,  are  not  well  shown  on  the  diagram — are 
from  2  to  3  inches  in  diameter,  and  from  half  an  inch  to  one  inch 
deep.  The  grooves  are  about  half  on  inch  deep  and  about  half 
an  inch  wide. 


The  cup-shaped  cavities  were  first  noticed  about  fourteen  or 
fifteen  years  ago,  by  tbe  Rev.  Mr  Hcrdman,  and  were  shown  by  him 
to  Dr  Wise,  a  well-known  archsologist.  At  that  time  the  part  of 
the  stone  above  the  surface  of  the  ground  measured  about  9^  feet 
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from  tbe  top,  and.  id  that  put  of  the  stone  there  vere  only  five  or 
six  cups  diBcersible ;  plaster  caste  of  these,  howeTer,|ffiie  taken 
and-  sent  to  tbe  Society  of  Scottish  AntiquarieB.  No  doubt  was 
eatertaiued  bj'  those  who  theu  examined  tbe  atone  and  the  caste, 
that  these  cup  cavities  were  artificial  and  not  natural. 

Abont  six  years  ago  the  late  Sir  James  Simpson  turned  his  atten  - 
tion  to  the  subject  of  these  antique  and  mysterious  cuttings  and 
Bcnlptutings,  and  drew  out  a  memoir  on  the  subject,  illnetrated  by 
numerous  lith<^apb3,  wbicb  was  published  by  tbe  Society  of 
Antiquaries. 

Mr  Herdman  having  heard  of  this  inquiry,  was  induced  to  make 
a  farther  examination  of  the  stone,  and  had  some  of  the  earth  cleared 
away  from  its  sides.  He  then  discavered  other  hemispherical  cavities 
sharper  and  more  distinct  than  those  in  tbe  higher  and  more  ex- 
posed part  of  the  stone,  and  which  greater  distinctness  he  natu- 
rally ascribed  to  the  covering  of  earth  by  which  they  bad  been 
protected  from  the  weather.  He  also  on  this  occasion  observed 
that  there  were  grooves  or  luts  on  the  surface  of  the  stone,  in  the 
parts  wbicb  had  been  covered  up,  and  which  were  prolonged 
into  grooves  on  the  upper  part  of  the  stone  where  they  were  more 
faint. 

It  will  be  seen  from  the  di&gj&m.—fiTtt,  that  on  the  middle  of 
tbe  stone  and  near  the  cups  there  are  two  long  grooves,  with  a 
croBS  groove  at  two  places ;  second,  that  at  the  right  band. there  is 
a  zigzag  groove;  and  third,  that  at  the  left  hand  there  is  a 
straight  groove,  running  up  vertically,  but  more  faint  than  the 
others.  The  second  and  third  of  these  grooves  were  only  dis- 
covered lately,  and  in  consequence  of  investigations  for  the  Boulder 
Committee. 

Whenever  the  discovery  of  these  additional  cups  and  grooves 
was  made,  Ur  Herdman  lost  no  time  in  sending  an  account  of  them 
to  Sir  James  Simpson.  But  by  this  time  his  memoir  had  been 
printed ;  and  the  only  notice  which  appears  in  that  memoir  of 
the  Glenballoch  Stone,  is  in  the  following  terms,  p.  15 ; — 

"  Circle  at  CraighaU,  Perihthire. — Cup  exoavations  exist  upon  an 
erect  stone  standing  at  a  megalitbic  circle  behind  Craighall  House, 
Blairgowrie.  The  cups  are  five  or  six  in  uumber,  and  placed  in  a 
group  near  tbe  foot  of  the  stone." 

VOL.  VII.  4  V 
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The  account  is  incorrect  in  Geveral  particulars.  Instead  of  there 
being  only  five  or  six  cups,  there  are  thirteen  ci  fourteen.  The 
fourvertical  and  three  tranBVeiBe  groovea  are  not  mentioned.  There 
is  no  reason  to  snppose  that  a  circle  of  Btones  ever  existed  here.  In 
fact  the  rapid  slope  of  the  ground,  where  the  boulder  stands,  would 
have  prevented  eucb  a  circle  being  made.  Megalithic  circles  are 
always  on  a  Sat  piece  of  land.  Sir  James  Simpson  was  never  at 
G-lenballocb,  as  he  told  Ur  Ilerdman  himself  ahoitly  before  his 
death. 

Whilst  to  Mr  Herdman  belongs  the  merit  of  discovering  these 
markings,  the  still  greater  merit  belongs  to  him  of  having  saved 
this  boulder  from  the  fate  wtiicb  has  befallen  several  othets  in  his 
parish,  and  hundreds,  or  probably  thousands,  equally  cnrioiM 
throughout  Scotland.  The  boulder  stands  within  the  precincts  of 
a  field  which  bears  good  cropsj  and  as  it  was  a  considerable  obstme- 
tion  to  farming  operations,  the  tenant  about  six  years  t^  was 
preparing  to  break  it  up,  and  the  more  especially  as  he  was  then  in 
want  of  stones  for  a  new  farm-house.  His  intentions  having 
become  known,  the  Bev.  Ifr  Uerdman  would  have  applied  to  the 
proprietor  himself  had  he  been  at  home,  to  save  the  boulder.  But 
he  was  abroad ;  and  so  the  factor  was  appealed  to,  and  fortunately 
with  success. 

The  tenant  has  several  tim^  since  thrown  out  dark  hints  about 
the  inconvenience  to  which  he  is  exposed  by  the  presence  of  this 
boulder  in  an  arable  fields  and  also  by  the  occasional  visits  of  the 
curious- to  examine  it.  He  baa  recently  spoken  of  the  damage 
done  to  his  "  neeps  "  by  Mr  Herdman's  exoavatlons ;  and  it  was 
only  after  much  persuasion  that  Mr  Herdm«i  obtained  from  him 
a  promise  in  these  words,  "  Weel,  III  lat  the  stane  alane,  If  yon 
dinna  honk  mnckle  mair  about  it."  Notwithstanding  this  assur- 
ance, Mr  Herdman  thinks  it  might  be  as  well  that  the  Boyai 
Society  Committee  sbonld  communioate  with  the  proprietor,  Cob 
Clark  Sattray,  and  ask  him  to  give  strict  orders  for  the  preservation 
of  the  boulder. 

These  remarks  apply  to  the  Glenballoch  stone  only  in  ite  archteo- 
logical  relations.  But  it  is  probably  also  interesting  geologically. 
Mr  Herdman  states  that  he  has  not  much  knowledge  of  roclu,  and 
no  experience  In  geological  lesearcbea.     NeverthelesB,  the  facts 
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related  by  him  snggest  eome  qaeations  of  aonBiderable  importance. 
He  hsA  bad  the  kiadaeas  to  send  chips  of  all  the  stoneB  specified 
by  him,  Ur  Herdman  desciibra  them  as,  in  his  opinion,  a  black 
coloured  trap.  But  they  appear  to  be  all  bits  of  micaceouB  Bchist. 
The  prevailing  rock  in  the  parish  of  Battray  is  a  coarse  red  sand- 
stone— ^probably  Old  Bed  Sandstone,  containing  thick  beds  of  coarse 
conglomerate. 

The  nearest  rocks  of  micaoeoos  schist  are  in  the  hills  to  the 
north  and  west.  Fow  far  off  they  are  it  is  not  stated,  nor  how 
much  higher  in  level  than  Battray  parish.  But  it  is  pretty  evi- 
dent that  all  these  boulders  came  from  the  hills,  and  by  natural 
ageucy  of  some  kind.  The  stone  of  Glenballoch,  weighing  as  it 
does  25  tons,  must  have  come  in  that  way;  and  it  is  almost  certain 
that  it  now  occupies  the  spot  and  position  on  which  it  was 
originally  placed.  The  other  stones  specified  by  Ifr  Herdman 
probably  do  not  now  occupy  their  original  site  and  position,  as 
they  seem  to  have  been  set  up  for  t^^  purposes — whatever  these 
were— for  which  they  were  wanted. '  Probably  the  group  of  stones 
neat  the  top  of  fiatton  Hill  are  in  their  original  positioo,  for 
they  do  not  seem  to  be  artificially  arranged  ;  and,  moreover,  it  is 
not  nncommon  to  find  boulders  in  heaps  near  the  tope  of  hills, 
as  if  these  hills  had  somehow  obstructed  the  farther  piogress  of 
the  agent  (whatever  that  was),  which  transported  the  boulders, 
and  caused  it  to  dlschai^  its  cargo  on  or  near  the  top  of  the 
hill. 

Assuming,  then,  that  the  stone  of  Glenballoch  is  an  erratic  from 
some  northern  or  westerly  point,  one  question  would  be,  What 
caused  the  transporting  t^ent  to  drop  it  at  the  place  where  it 
now  stands?  Why  should  it  not  have  been  carried  farther?  Per- 
haps an  examination  of  the  country  might  suggest  data  to  aid  in 
the  solution  of  this  question. 

The  position  of  the  boulder  and  its  attitude  appear  to  deserve 
attention,  provided  it  can  be  correctly  assumed  that  they  were 
received  by  natural  and  no.t  by  human  agency, 

Ur  Herdman  states  that  the  boulder  stands  in  a  field  which  slopes 
pretty  rapidly  down  towards  a  stream,  running  through  a  narrow 
glen.  This  field  seems  to  form  one  side  of  that  glen,  or  small 
valley,  through  which,  he  says,  there  was  formerly  a  pass  uncb 
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Trequented  between  Craigball  and  Banff;  and  "haUoeh"  it  a 
Celtic  woid  for  "pou."  Hon  high  above  the  bottom  of  the  gteo 
the  bonlder  stands,  Mr  Herdman  does  not  explain.  The  bonlder, 
therefore,  stands  in  rather  a  critical  position;  and  considering 
its  great  weight,  it  does  not  seem  likely  that  it  conld  have  been 
pnt  into  that  positiou  by  hnman  agency. 

Then  its  attitnde  is  singnlar,  hecanse  boulders  having  a  longer 
and  shorter  axis  are  generally  and  naturally  found  lying  with  their 
longer  axis  parallel  with  the  ground;  but  Ihis  bonlder  has  its 
longer  axis  vertical,  and  stands  on  a  basis  of  only  8  feet  square.  Tf 
the  present  position  and  attitude  are  those  it  received  when  it  fell 
from  the  agent  which  transported  it,  what  was  the  nature  of  the 
agent  which  allowed  it  to  fall,  bo  as  to  take  that  attitude  ? 

The  two  theories  for  the  transport  of  such  boulders  are  Umd  iee, 
as  by  a  glacier,  and  floating  ice,  aa  by  an  iceberg  or  ice  floe. 
Whether  the  country  between  Battray  parish  and  the  mountains  to 
the  north  is  of  such  a  tiatu9  as  to  have  allowed  the  formation  of  a 
glacier  may  be  a  question,  but  supposing  it  were,  which  of  these 
'  two  ice  agenta,  glacier  or  floating  ice,  would  have  been  moat  likely 
to  cause  this  pear-shaped  block  to  fall  into  the  position  and  attitude 
which  it  occupies?  This  is  a  question  as  much  for  a  mathe- 
matician as  for  a  geologist  to  solve. 


5.  On  the  Fruiting  of  the  Ipecacaan  Plant  (OspAae/ts 
Ipecacuanha,  Bich.)  in  the  Boyal  Botanic  Garden.  By 
Prof.  Balfour. 


The  cultivation  of  the  Ipeoaonan  plant  in  this  country  has 
received  an  impetus  from  the  demand  on  the  part  of  Kis  Qrace  the 
Duke  of  Argyll,  for  a  large  supply  of  fresh  plants  for  India.  The 
object  of  the  India  office  is  to  cultivate  the  plant  extensively,  and 
thus  prevent  the  evils  which  might  arise  from  scarcity  of  a  drag 
which  is  so  important  In  the  treatment  of  dysentery.  The  risk  of 
such  an  occurrence  is  due  to  the  mode  in  which  the  plant  is 
gathered  in  Brazil,  and  the  want  of  care  in  preserving  it.  A  similar 
fate  threatens  Ipecacuan  as  that  which  has  occurred  in  the  case  of 
Cinchona. 
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The  SecTetary  of  State  for  Indift  has,  in  the  first  place,  endeavoared 
to  introduce  the  plant  from  this  conntry — leaving  for  after  considera- 
tion the  propriety  of  getting  BpecimenB  Bent  direct  from  Bio  Jaaeiro 
to  India.  The  plants  in  this  country  bare  been  supplied  from 
various  sources.  The  original  specimen,  cultivated  by  Sir  William 
Hooker  in  Glasgow,  came  from  Liege,  and  the  Messrs  Lawaon  have 
imported  recently  a  quantity  of  Bpecimens  from  Belgium  and 
Germany.  In  the  Boyol  Botanic  Garden  of  Edinburgh  ne  are  in- 
debted for  specimens — first,  to  Sir  William  Hooker ;  and,  secondly, 
to  Dr  Gunning  of  Polmeiras,  Bio  Janeiro,  Sir  Babeit  Christison 
has  taken  a  warm  interest  in  the  subject,  and  has  aided  much  in 
procuring  specimens.  Mr  M'Nab  found  that  by  cutting  the  root  of 
the  original  garden  plant  he  could  propagate  it  easily,  and  in  this 
way  he  secured  a  la^e  stock.  He  gave  to  the  Botanical  Society 
of  Edinburgh  a  notice  of  his  mode  of  cultivation.  This  account 
was  printed  for  the  India  office,  and  copies  of  it  were  extensively 
distributed.  The  Bpecimens  from  Bio  Janeiro  were  treated  in  a 
similar  manner. 

The  plante  were  sent  to  India  in  Wardian  cases,  sometimes  nndet 
charge  of  gentlemen  of  the  forest  department  going  to  India,  and 
Bcmetimes  without  anyone  in  charge.  The  results  have  been  very 
successful. 

Tbe  Duke  of  Argyll  has  foiwuded  to  me  a  report  by  Dr  G.  King, 
superintendent  of  tbe  Botanic  Garden,  Calcutta,  to  vhose  care  the 
cases  were  couBigned. 

From  Br  G.  EiKO,  Sriperintendmt,  Botanic  Garden,  Calcutta,  to  the 

Secretary  to  the  Qovemment  of  Bengal. 

"  I  have  the  honour  to  report,  for  the  information  of  Government, 
the  arrival  from  England  of  five  conBignments  of  Ipecacuanha 
plants.  Five  of  these  consignments,  consisting  of  a  single  case 
each,  were  brought  out  under  the  care  of  MeearB  Walton,  Whittall, 
Jellicoe,  Fenais,  and  Gamble,  officers  newly  appointed  to  the 
Forest  Department.  The  sixth,  consisting  of  three  closed  Wardian 
cases,  came  as  deck-baggage  on  board  the  Suez  Canal  steamer, 
'  City  of  Mecca,'  under  the  Bpecial  care  of  no  one. 

"  As  will  be  seen  by  the  following  tabular  statement,  the  total 
Dumber  of  plants  despatched  from  England  was  277.    On  arrival 
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in  Cslcntta  15  planta  veie  fonod  to  be  dead,  and  S 
state,  leaving  a  baUnco  of  226  healthy. 


aucUy 
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ScUr. 

DM. 

.TOU. 

Brought  bj  Mr  Walton, 

Mr  Jellicoe.        . 
Ui  FenaiB, 
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26 

"2 
4 
4 

"i 
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"  It  will  be  observed  that  the  mortality  and  sickness  has  been 
greatest  amongst  the  plants  bnmght  out  under  the  care  of  the 
members  of  the  Forest  Department.  I  have  no  doubt  this  result 
IB  due  to  over-kindness  daring  the  voyage.  The  plants  have  been 
apparently  freely  vateied  and  over-shaded ;  and  in  the  close  and 
moist  atmosphere  of  the  cases,  unnatural  forced  growth  has  been 
the  result.  Mr  Gamble's  consignment  is  an  exception,  the  plants 
broughtont  by  him  being  iuqniteas  good  health  as  those  that  came 
nntended  in  the  '  City  of  Keoca.'  The  condition  of  the  latter  is 
wonderfully  good,  and  indicates  extreme  care  in  the  selection  of 
plants,  and  in  the  mode  of  packing  them. 

"  As  soon  as  the  plants  shall  have  recovered  a  little  from  their 
jonmey,  I  propose  to  despatch  them  to  Sikkim. 

"  I  take  this  opportunity  of  stating  that  the  twelve  plants 
brought  out  in  July  last  by  Mr  Walton  vere  forwarded  to  Sikkim 
three  months  ago,  and  that  eleven  of  them  are  now  in  excellent 
order;  the  twelfth  nnfortnnately  died  during  the  journey  to 
Sikkhn. 

*'  The  condition  of  the  eleven  plants  just  alluded  to,  of  the  five 
old  plants  formerly  sent  from  this  garden  to  Bikkim,  and  of  the 
young  ones  propagated  from  them,  leads  me  to  entertain  hopes  that 
in  that  province  the  Ipecacuanha  experiment  will  be  attended  with 
great  success." 

A  question  has  been  started  whether  there  are  not  plants  in 
India  which  may  be  used  as  Ipecacuan.  One  of  these  is  the 
Tylophara  aithmatica,  W.  et  A.,  an  Asclepiadaceous  plant,  which 
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haa  been  knovn  under  varionB  nameB : — Gynanchum  Ipecacuanha, 
Willd.;  Aselepias  osthTnatica,  Boxb.  FL  Ind.;  Gynanehwn  vomitorivm, 
Lam.  Dt  Bozbuigh  and  Dr  Anderson  nsed  the  plant  for  dyeentdry 
in  India  with  great  sncceas. 

There  are  some  peculiar  features  in  the  plant  now  under  culti- 
vation whicli  require  investigation,  and  I  am  not  able  to  give  a 
fall  paper  on  the  whole  subject  until  further  culLIvation.  The 
plant  which  has  been  long  in  the  garden  has  flowered  regularly. 
Even  the  young  cuttings  have  sent  Forth  their  Sowers.  The  plant, 
on  the  other  hand,  sent  from  Bio  Janeiro,  althongh  treated  in  the 
same  way  as  the  other,  haa  not  flowered.* 

The  former,  although  flowering  freely,  has  not  produced  perfect 
^it  UQtU  the  present  year.  The  plants  weie  carefully  fertilised 
by  the  ^plication  of  the  pollen  of  one  flower  to  the  stigma  of 
another.  By  this  means  we  have  secured  a  number  of  Fruiting 
Bpecimene,  and  I  now  exhibit  fniiting  planta  with  drawings  of  the 
fruit  and  sections. 

The  fruit  is  drupaceous,  of  a  dark  pnrple  colour,  shining  and 
glossy  ou  the  outside.  It  is  about  the  size  of  a  large  currant,  and 
when  ripe  it  falls  off  easily.  Each  fruit  contains  two  seeds.  These 
are  seen  in  the  section  of  the  fruit.  The  albumen  of  the  seed  is 
very  hard,  I  have  not  seen  any  figure  of  the  fruit  in  botanical 
works  containing  plates  of  the  plant.  There  is  a  resemblance 
between  it  and  that  of  Piyehotria  emetiea. 

We  expect  that  some  of  the  seeds  will  ripen,  and  that  we  shaU 
then  be  able  to  propagate  the  plant  from  seed. 

The  following  Gentlemen  were  elected  Fellows  of  the 

Society : — 

Oeosob  Sbtoh,  H.A.  Oxon.,  Advocate. 
Captain  Charlss  Hchtkb. 


Since  this  commanlcation  was  made  the  plant  haa  Sowered,  and  hnn 
a  pecnliaritieB  in  the  lelatiTc  length  of  the  stMnen  and  piatil.   July  1872. 
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Monday,  let  April  1872. 

Professor  Sir  EGBERT  CHRISTISON,  Bart.,  President, 
in  the  Chair. 

The  following  Communications  were  read : — 

1.  On  CardiocarpoD.     By  Professor  Dnns,  D.D.,  F.It.&E., 
New  College. 

The  attention  of  the  Society  vaa  called  to  many  beaatifat  apeci- 
mens  of  Sphenopteiis  laid  on  the  table.  These  bad  been  obtained 
by  Dr  Dam  and  hia  predeceeaoi,  Dr  Fleming,  from  the  old  work- 
ings in  the  Buidiehoiiae  limestones,  neat  Edinburgh,  well  known 
from  Hibbert's  Memoir  (183S),  and  from  the  papers  of  more  recent 
observers.  The  species  exhibited  were  chiefly  8.  ariemiait^btia 
and  S.  affinit.  An  Antholite  {A.  Pitcatmia)  was  also  shown,  in 
which  the  pedicels  that  spring  from  the  flower-like  bads  in  the 
axils  of  the  bracts,  sub-opposite  in  the  spike,  are  well  represented. 
The  author  then  referred  to  (JardiocaTj)on,  Brong.,  and  to  the 
species  named  by  Srongniart,  Lindley,  and  Hutton,  and  more 
recently  by  Dawson  and  Leeqnerenx.  It  was  pointed  ont,  that 
Tery  many  Cardtocarpa  occni  in  association  with  the  specimens  of 
Sphenopterig  on  the  table.  On  three  of  these  alone  there  are 
above  160.  Of  these,  some  are  almost  globnlar,  others  are  oval. 
Some  taper  to  a  single  sharp  point ;  others,  and  the  majority,  have 
an  acute  bifid  apex.  In  many  the  medial  ridge  is  not  seen,  in 
others  it  ia  highly  marked.  In  a  few  thia  ridge  has  an  ezcnrrent 
appearance,  both  at  the  apex  and  at  the  supposed  point  of  attach- 
ment to  the  plant.  Many  of  the  forms  ate  so  placed  as  to  present 
an  appearance  of  organic  connection  with  the  Sphenopte rides.  The 
author  then  showed  that  it  "  ia  needful  to  guard  against  a  tendency 
to  give  undue  importance  to  the  mere  fact  of  association.  If  in 
other  departments  this  has  lead  to  most  erroneous  inferences,  it 
will  he  sure  to  mislead  in  the  study  of  pt^asobotany.  Some  weight 
is,  no  donbt,  to  be  given  to  tlie  fact,  but  to  use  it  to  any  extent  as 
a  guide  in  determining  the  affinities  of  fossil  plants  is,  to  say  the 
least,  not  safe.    Principal  Dawson  has  pointed  to  the  occurrence 
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of  CardiocaTpa  along  with  the  stems  of  Sigillaria  ae  corroborative 
of  the  theory  of  the  conifer  or  cycad  character  of  Sigillaria. 
He  saja,  "  Some  botaniets,  conepicnous  among  whom  is  Brongniart, 
hold  tiiKt  SigiUaria  were  gymnoHpermooB  plants  allied  to  GycadaceEe. 
Others  are  disposed  to  regard  them  as  Acrogene,  and  as  closely 

allied  to  Lycopodiacese In  favour  of  the  former 

view  we  may  adduce  the  exogeooue  etructnie  of  the  stem  of 
Sigillaria,  and  the  obvious  affinity  of  its  tissues  to  these  of  conifers 
and  cycads,  as  well  as  the  constant  association  with  trees  of  this 
genus  of  the  evidently  phanerogamous  fruits,  known  as  Trigono- 
carpum  and  Cardioearpum."  And  he  adds,  "  The  higher  SigiUariai 
unquestionably  resemble  cycads  in  the  structure  of  their  stems. 
Their  long,  rigid,  naiTow  leaves  "may  be  compared  to  single  pinnee 
of  the  leaves  of  cycada.  Their  cord-like  rootlets,  as  I  have 
ascertained  by  actual  comparison,  are  similar  to  those  of  cycads. 
If  theif  fruit  was  of  the  nature  of  Cardiocarjxm  oi  Trigonocarpum, 
this  would  also  conespond."  (See  Quarterly  Journal  of  the  Qeo- 
iogieal  Society,  May  1871.)  This  assnmes  throughout  that  palno- 
botsniste  are  agreed  aa  to  the  nature  of  these  fossil  fruits,  which  is 
far  from  being  the  case. 

In  August  1870,  Mr  C.  W.  Peach,  to  whom  Scottish  natural 
science  is  so  much  indebted,  found  specimeus  of  Cardiocarpon 
organically  united  with  a  plant  long  known  by  the  name,  ATttholilet 
PUcaimice.  The  specimens  were  obtained  from  carboniferons 
shale  at  Clench,  near  Falkirk.  Specimen  No.  16,  on  the  table,  is 
AnlholHe$  Pitcaimioe,  from  shale  near  Bathgate.  By  the  kindness 
of  Mr  Peach,  I  am  able  to  show  the  Society  an  example  of  Antho- 
lUet  with  the  fruit  organically  attached.  The  importance  of  this 
discovery  is  at  once  recognised.  In  a  department  where  facts  are 
the  letters,  and  tbeii  association  the  words  by  which  we  read  the 
history  of  creative  manifestation,  every  worker  will  acknowledge 
the  valne  of  an  observation  like  that  referred  to,  even  though  he 
may  not  see  his  way  to  accept  views  implying  generic  identity 
between  the  fruit  now  associated  with  Antholitea  and  Cardiocarpon. 
On  the  assumption  of  this  identity,  Mr  Carruthers  has  recently 
limited  the  term  Ani^tolitee  to  the  place,  or  rather  the  use  assigned 
to  it  by  Brongniart — "  Les  espkies  inddterminable  sont  g^n^rale- 
ment  d^igndes  sous   lo  nom  d'Antholitee." — Prod.  p.  149,    In- 
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etead  of  Aniholitti  Fitcaimia,  Liadley,  he  has  proposed  Cardio- 
earjmi  Lindleyi,  Gotrathers.  (Oeolcg.  Mag.,  Feb.  1872.,  pp.  54-67.) 
Along  with  a  figure  of  the  Falkirk  specimen,  another  is  given  from 
as  onkuovn  locality,  supposed  to  be  from  minee  in  Derbyshire. 
The  fruit  on  the  latt«r  is  regarded  as  similar  to  Cardiocarjion 
ocufuffi  of  Lindley. 

It  was  stated  that,  so  f ar  ae  the  author  ib  aware,  there  is  no 
certain  record  as  to  the  form  of  the  fructification  of  snch  Sphenop- 
terides  as  S.  arttmin^lia  and'uS.  affinii,  oi,  indeed,  of  any  of  the 
species  closely  related  to  these  by  their  bipinnate  leaf  and  the 
deep  pinnatifid  segments  of  their  leaflet.  G<eppert  and  Unger's 
statement,  that  the  fructification  is  "  pnnotiform  or  marginal,"  may 
he  true  of  species  like  8.  dHata,  or  S.  latior  (Dawson),  hut  these 
differ  widely  from  the  specimens  now  noticed,  though  they  beai 
some  resemblance  to  Uving  forms.  As  regards  8.  artemiauefalia, 
Brongniart  himself  has  said,  that  he  has  not  been  able  to  find  the 
least  resemblance  between  it  and  living  ferns.  It  was  shown  that 
this  remark  is  especially  applicable  to  S.  affinit.  The  question 
seemed  to  be  raised  by  what  might  be  said  to  be  the  almost  constant 
association  of  CardiocarjM  with  these  two  species,  "  Have  they 
their  proper  place  under  the  genus  Sphenopieri*  f  "  Dr  Duns 
stated  in  conclusion,  that  while  these  species  must  still  be  regarded 
as  true  ferns,  and  while  the  idea  even  of  organic  connection 
between  such  forms  as  the  samaroid  fruit  Cardioearpon  and  the 
species  8.  artemint^lia,  and  8.  affinia  is  opposed  to  all  accepted 
views  of  plant  afSnity,  yet  the  association,  as  shown  in  the  numerous 
specimens  on  the  table,  is  so  frequent,  and  often  so  lema^ably  like 
organic,  as  to  call  for  the  attention  of  observers. 


2.  On  the  Compoeition  of  the  Flesh  of  the  Salmon  in  the 
"  Glean"  and  "  Foul"  condition.  By  Sir  Bobert  Christison, 
Batt 

Having  had  occasion  lately  to  fill  up  some  blanks  in  a  table  of 
the  Nutritive  Value  of  different  kinds  of  Food,  I  was  unable  to 
find  for  the  purpose  an  analysis  of  the  flesh  of  the  Salmon. 
I  have  therefore  made  snob  an  analysis  as  is  necessary ;  and  as 
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the  resulte  may  be  useful  to  others,  I  beg  to  offer  them  to  the 
Society. 

I  first  examined  the  composition  of  a  very  fine  "  Clean  "  fish, 
caught  in  the  eetuaiy  of  the  Tay  in  May  last  year,  and  weighing 
20  pounds.  I  have  never  seen  a  finer  fiah  from  that  far-famed 
salmon 'river. 

I  have  also,  in  contraat  with  this,  examined  a  "Font"  fish,  or 
£elt,  taken  in  the  beginning  of  March  last  from  a  pool  where 
spawned  fish  are  known  to  congregate  at  that  season  in  the  Isla,  a 
principal  tributary  of  the  Tay.  It  weighed  27  pounds  the  day 
after  it  was  caught,  and  would  prohably  have  weighed  35  pounds 
in  good  condition.  In  order  to  account  for  my  being  in  lawful 
poBBession  of  such  an  article,  I  must  mention  that  I  owe  it  to  the 
consent  of  the  Commissioners  for.  the  Tay  Fisheries,  whose  kind- 
ness in  presenting,  for  a  scientific  object,  what  otherwise  cannot  be 
easily  obtained  without  infringing  the  law,  may  receive,  as  I  hope, 
some  return  in  the  additional  proof  which  analysis  supplies  of  the 
inferiority  of  the  salmon  as  food  when  in  the  state  of  a  Kelt,  and 
the  folly  of  destroying  it  before  it  recovers  condition. 

The  clean  salmon  of  last  May  presented  abundance  of  fat  under 
the  skin,  and  in  masses  betwixt  the  muscles.  Avoiding  all  accu- 
malations  of  fat  in  mass,  I  cut  one  piece  of  muscle  from  the 
dorsal  region  a  little  in  front  of  the  dorsal  fin,  and  another  from 
the  ventral  region  directly  opposite ;  so  that  the  one  shonld  repre- 
sent the  "  thick,"  and  the  other  the  "  thin,"  of  a  slice  of  salmon 
Four  hundred  grains  of  each  being  cut  into  fine  chips  about  twelve 
hours  after  the  fish  was  caught,  each  was  separately  exhausted  by 
ether ;  and  the  ether  was  distilled  off  at  a  gentle  heat.  When  the 
residual  ail  was  deprived  of  a  little  adhering  alcohol  and  water  by 
heating  it  gently  for  on  hour  in  an  open  vessel,  it  hod  a  bright 
amber  colour,  and  a  strong  odour  not  very  different  from  that  of 
cod-liver  oil.  The  fibrous  residuum  was  dried  at  212°  till  it  ceased 
to  lose  weight.  A  portion  of  the  dry  residue  was  incinerated  in 
order  to  determine  the  fixed  saline  constituents.  The  difference 
denoted  the  dry  nitrogenous  nutritive  principles,  fibrin,  albumen, 
and  extractive  matter  usually  called  osmazone. 
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The  reaaltfl  were  as  followB: — 


Doml. 

Abdominal. 

Heu. 

Oil 

16-66 

20-4 

18S3 

Fibre,  albumen,  ex 
tractive  matter 

1  20-57 

18-B2 

19-70 

Saline  matter 

0-88 

0-88 

0-88 

Water 

61-89 

59-90 

60-89 

100  00 

10000 

10000 

The  Kelt  of  last  March  was  as  ugly  a  specimen  of  the  Salvw 
Solar  as  I  have  ever  seen.  It  was  38  iDches  long,  weighed  27 
pounds,  and  was  very  lank  in  the  belly,  soft  in  the  flesh,  much 
lacerated  in  the  dorsal  fin  and  tail,  and  of  a  uniform,  disagreeable, 
mottled-grey  colour  over  the  entire  skin.  In  its  sbructure  other- 
wise it  was  a  true  male  salmon.  I  subjected  it  to  analysis  in  the 
same  way  as  the  clean  fish,  with  the  following  results.  The  ana- 
lysis was  mode  about  forty-eight  hours  after  the  fish  was  caught ; 
and  in  the  interval  it  was  shut  up  in  a  box,  so  that  there  could  not 
have  occurred  any  appreciable  loss  by  evaporation. 


DoTsal. 

1-2 


Abdominal . 


16-92 


Oil        ...         . 

Fibrin,  albumen,  extrac- 
tive matter 

Saline  matter  [inferred  \ 
from  the  former  ana-  [    088 
lysis]  .        • ) 

Water  .        ,    810 


100-00  100-00 


1-25 


60-80 
10000 


Thus  it  appears  —  1.  That  the  nitrogenous  solids  of  a  Clean 
salmon,  and  its  oil  or  fat,  constitute  together  in  round  numhen  38 
per  cent  of  its  flesh ;  the  remaining  62  per  cent  being  water,  with 
a  little  saline  matter  (09  per  cent.).  2.  That  the  fat  and  the  nitro- 
genous constituents  ore  nearly  equal  to  one  another.  3.  That  theie 
is  decidedly  more  fat  in  the  "  thin"  or  abdominal  region  than  in 

DiqitlzscbyGOOqlC 


of  Edinburgh.  Sexton  1871-72.  697 

the  "thick"  or  dorsal  region,  but  somewhat  less  of  nitrogenoui 
constituents.  4.  That  there  is  veiy  little  diSeience  in  conatitution 
between  the  dorsal  and  abdominal  regioos  of  a  "  Foul "  fish  or 
£elt.  But,  5.  That  the  Eelt  is  a  much  more  watery  fish  than  the 
clean  aalmon;  and  that  this  is  slightly  owing  to  a  deficiency  in 
□itrogenons  ingredients,  but  much  more  to  an  enonnons  deficiency 
of  oil  or  fat, — which  is  reduced  to  almost  a  sixteenth  only  of  its 
amount  in  a  cleau~run  fish. 

I  am  not  aware  of  any  good  authority  for  the  prevalent  notion 
that  a  Kelt  is  unwholesome  food.  But  it  is  plain  from  the  foregoing 
analysis,  that  the  Parisian  gastronome, — who,  before  the  late 
stringent  measures  against  river- poaching  in  Scotland  during  close- 
time,  consumed  a  large  proportion  of  Scottish  Kelts, — must  have 
been  indebted  for  his  enjoyment  therein  much  more  to  bis  cook 
than  to  his  fish.  On  the  other  hand,  it  is  easy  to  see  why  an  Api- 
ciuB,  whose  taste  has  been  cultivated  on  the  banks  of  a  Scottish 
salmon-river,  should  wonder  bow  any  one  can  imagine,  that  the 
delicate  fiavoui  of  a  fish  in  good  condition  is  improved  hy  besmear- 
ing it  with  butyraceous  sauces,  simple  or  compound. 


3,  On  Beceut  Estimates  of  Solar  Temperature. 
By  JameB  Dewar,  Esq. 

(Abstrael.) 

After  referring  to  the  recent  discnssion  on  the  temperature  of 
the  sun,'  in  vhich  Seccbi,  Zollner,  Vicare,  Deville,  and  Ericsson  have 
taken  part,  the  author  proceeds  to  group  all  the  known  methods 
of  arriving  at  a  knowledge  of  high  temperatoTes  under  eight 
different  processes.  The  following  table  gives  the  names  of  the 
physicists  who  have  specially  employed  each  process,  together  with 
the  principle  on  which  it  is  founded  : — 

(I.)  Guyton  and  Daniell,  Prinsep,  Ac. — Expansion  of  Solids  and 
Gases. 

(2.)  Draper. — Befrangibility  of  Light. 

(3.)  Clement  and  Sesormee,  Deville. — Specific  Meat. 

(4.)  Becqnere),  Seamens. — Thermo- Electricity  and  Electric  Con- 
ductivity. 
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(5.)  BnnseD,  Zollner. — Exploaive  Power  of  GaaeB. 

(6.)  Newton,  WaterstoD,  EricBson,  SeccU. — Badifttion. 

(7.)  Thomson,  Uelmholtz. — Mechanical  Equivalent  of  HeaL 

(8.)  Deville,  Debrajr.— DieBoctation. 

After  treating  of  the  great  disparity  of  opinion  regarding  the 
temperature  of  the  sun,  the  author  proceeds  to  detail  how  it  is  pos- 
sihle,  from  the  kDonn  luminous  intensity  of  the  sun,  to  derive  a 
new  estimate  of  solar  temperature.  This  calculation  is  based  on  a 
definite  law  relating  temperature  and  luminosity  in  the  case  of 
solids,  viz.,  the  total  luminons  intensity  ia  a  parabolic  function  of 
the  temperature,  above  that  temperature  where  all  kinds  of  luminous 
rays  occur.  So  that  if  T  ia  a  certain  initial  temperature,  and  I  its 
luminous  intensity,  a  a  certain  increment  of  temperature,  then  we 
have  the  following  relation : — 

T  +  n(a)=n'I. 

The  temperature  T  is  so  high  as  to  include,  all  kinds  of  luminous 
rays,  viz.,  990°  C,  and  the  increment  a  is  46°  C.  This  formula 
expresses  well  the  results  of  Draper,  and  I  have  used  his  Dumbere 
as  a  first  approsimation.  It  results  from  the  above  equation, 
that  at  a  temperature  of  2400°  C,  the  total  luminous  intensity  will 
be  900  times  that  which  it  was  at  1037°  C.  Now,  the  temperature 
of  the  ozyhydrogen  flame  does  not  exceed  2400°  C,  and  we  know 
from  Fiseau  and  Foucalt's  experiments  that  sunlight  has  150 
times  the  luminous  inteuaity  of  the  lime  light;  so  that  we  only 
require  to  calculate  at  what  temperature  this  intensity  is  reached 
in  order  to  get  the  solar  temperature.  This  temperature  ia 
16,000°  C,  in  round  numbers.  Enormously  high  temperatures  are 
not  required,  therefore,  to  produce  great  luminous  intensities,  and 
the  temperature  of  the  sun  need  not,  at  least,  exceed  the  above 
number.  Sir  William  Thomson,  in  his  celebrated  article, "  On  the 
Age  of  the  Sun's  Heat,"  says,  "  It  is  almost  certain  that  the  sun's 
mean  temperature  is  even  now  as  high  as  14,000°  C,"  and  this  is 
the  estimate  with  which  the  Inmmona  intensity  calculation  agrees 
well. 
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4.  On  the  Temperature  of  the  Electric  Spark.     By 
James  Dewar,  Esq. 
(AbBtract.') 
The  author  begins  this  paper  by  oalculatiog  the  highest  hypo- 
thetical temperature  that  could  be  produced  b;  the   chemical 
combination  of  the  most  energetic  elements  if  all  the  heat  evolved 
could  be  thrown  into  the  product.     This  would  not  exceed  19,500° 
G.  iu  the  case  of  silica,  aod  15,000°  C.  in  the  oxides  of  aluminum  and 
magnesium,  and  these  are  the  highest  results.    The  estimation  of 
the  temperature  of  the  electric  spark  is  baaed  on  the  thermal  value 
of  each  spark,  together  with  the  volume  of  the  same.     The 
methods  of  observing  these  quantities  are  full;  detailed  in  the 
memoir.     The  general  result  may  be  stated  thus,— the  tempera- 
'  tare  of  the  electric  spark  used  in  the  experiments  ranged  between 
10,000°  C.  and  ISiOOO"  C. 

The  following  Oentlemen  were  admitted  Fellows  of  the 
Society : — 

Jakbb  TaonBON  BorroKLBT, 

Tooiua  Khox,  Eiq. 

Di  D.  Abotll  BoBBSTSoir. 

Monday,  15tk  April  1872. 
Pbofesbor  KJELLAND,  Vice-President,  in  the  Chair. 
The  following  Commanications  were  read  : — 

1.  On  the  Action  of  Water  on  Lead.  By  Sir  Robert 
Christison,  Bart 
After  Bummariaing  the  conclusions  at  which  he  had  arrived  from 
nnmerons  experiments  made  more  than  forty  years  ago,  as  publiehed 
in  bis  Treatise  on  Poisons,  and  in  the  Transactions  of  this  Society, 
the  anthot  alluded  to  various  blanks  left  at  that  time  in  the  inquiry 
which  had  not  been  yet  filled  up,  and  to  various  criticisms  and 
donbts  which  bad  been  recently  expressed  relative  to  tbe  facts  and 
principles  formerly  announced. 
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The  general  reeulta  of  the  former  inquiries  are — 1.  That  the 
pnreat  waters  act  the  most  powerfully  on  lead,  coiroding  it,  aad 
forming  a  carbonate  of  peculiar  and  uniform  composition ;  2.  That 
all  Baits  impede  this  action,  and  man;  prevent  it  altogether,  some 
of  them  in  extremely  minute  proportion ;  and  3.  That  the  proportion 
of  each  salt  required  to  prevent  action  is  nearly  in  the  inverse  ratio 
of  the  insolubility  of  the  compound  which  its  acid  forms  with  the 
oxide  of  lead.  The  effect  of  certain  inorganic  and  organic  ingre- 
dients of  water  in  modifying  the  preservative  power  of  the  salts 
was  not  iuveetigated,  but  has  been  since  made  the  subject  of  nume- 
rous observations  and  inquiries  b;  others,  chiefly,  however,  of  a 
desultory  nature,  some  of  them  much  too  succinctly  described,  aod 
some  also  of  questionable  accuracy. 

The  first  part  of  the  present  paper  dealt  with  the  influence  of 
inorganic  substances.  The  second  part,  on  the  influence  of  organic 
matters,  was  reserved  for  a  subsequent  article. 

It  had  been  denied  thatwater  acts  by  teaaon,  and  in  the  ratio, 
of  its  purity;  and  it  had  even  been  alleged  that  distilled  water 
itself  does  not  act,  if  really  quite  pure.  The  author,  however,  had 
invariably  found  the  reverse,  and  could  assign  no  other  explanation  of 
these  statements  except  some  error  in  manipulation.  For  example, 
a  very  pure  spring  water  was  sent  to  bim  from  the  south  of  England, 
with  the  assurance  that  it  had  been  found  to  be  incapable  of  attach- 
ing lead.  But,  on  making  trial  of  it,  he  had  found  it  act  with  aa 
energy  not  inferior  to  that  of  distilled  water.  Also,  it  bad  been 
stated  that  ordinary  distilled  water  is  apt  to  contain  a  trace  of 
nitric  or  nitrous  acid,  from  nitrates  incidentally  present  in  the 
water  subjected  to  distillation;  and  that  such  water,  it  distilled 
after  the  addition  of  a  little  potash  to  fix  the  acid  thoroughly, 
yields  a  distillate  which  has  no  action  on  lead.  But  when  the 
author  prepared  distilled  water  in  this  way,  with  great  care  to 
prevent  the  access  of  impurities  from  other  sources,  the  only 
result  was  that  the  action  was  even  greater  than  that  of  the 
ordinary  distilled  water  of  the  laboratory,  and  so  great  as  he  had 
never  observed  before. 

An  interesting  statement  had  been  made  by  Dr  Nevins,  that 
some  salts  appear  to  allow  of  a  certain  action  going  en  when  they 
are  present  largely  in  water,  although  their  influence,  when  tbey 
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exist  in  veiy  email  proportion,  ia  to  act  aa  preveDtiveB.  The 
author  somollmes  obtained  the  same  result,  and  found  the  action 
such  as  might  prove  dangerouH.  But  its  limit  requires  to  be  de> 
fined ;  and  there  is  reaeon  to  suppose  that  the  proportion  required 
to  permit  action  will  be  found  so  great  as  never  occurs  in  the  instance 
of  waters  applicable  to  household  use. 

It  has  been  also  etated,  but  in  general  terms,  without  experi- 
mental proof,  that  the  preeence  of  carbouate  of  soda,  even  in  a 
hard  water,  takes  away  the  preventive  iufluence  of  other  salts,  and 
enables  water  to  dissolve  lead.  Tliere  appears  to  be  some  founda- 
tion for  this  statement.  Uut  here,  too,  it  is  oecessary  to  tis  wbat 
is  the  limit  to  such  influence  before  its  importance  can  be  valued. 
Itforeover,  as  bicarbonate  of  soda  appeared  to  the  author  to  have 
no  Buch  effect,  and  this  is  the  usual  .form  of  the  carbonate  in 
natural  waters,  the  practical  importance  of  the  fact  is  inconsiderable. 

The  author  called  attention  to  eome  observers  not  having  under- 
stood the  nature  of  the  corrotive  action  of  water  on  lead,  and  having 
confounded  it  with  other  causes  of  corrosion.  Thus  the  true  action 
baa  been  confounded  with  the  corrosive  action  of  potent  agents 
accidentally  coming  in  contact  with  the  metal  in  presence  of  water, 
— as,  for  example,  when  a  lead  pipe  has  been  led  through  freeb 
mortar  which  is  frequently  or  permanently  kept  moiBt,  or  when 
lumps  of  fresh  mortar  have  been  allowed  to  fall  upon  the  bottom 
of  a  lead  cistern.  Several  remarkable  examples  of  rapid  corrosion 
of  this  local  kind  were  exhibited.  The  true  or  simple  action  of 
water  had  been  not  infrequently  confounded  also  with  the  effects 
of  galvanic  action.  Tlius,  if  a  lead  pipe  or  cistern  he  soldered 
with  pewter-eolder,  and  not  with  lead,  erosion  takes  place  near 
the  line  of  junction  of  the  solder  with  the  lead,  of  which  character- 
istic examples  were  shown.  The  presence  of  bars  of  other  metals 
crossing  lead,  or  bits  of  them  lying  on  it,  will  also  develope  tbe 
same  action ;  and  some  facts  seem  to  point  to  the  bame  property 
being  possessed  in  a  mioor  degree  by  some  stony  and  enrlhy  sub- 
Gtauces.  This  observation  may  explain  tbe  local  erosion  sometime 
observed  in  cisterns  containing  bard  water ;  since,  if  galvanic  action 
be  excited,  it  will  be  increased  by  saline  matter  existing  more 
largely  in  these  waters  than  in  soft,  or  comparatively  pure,  water. 

Lastly,  some  obserreTS  have  contradicted  former  statements, 
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because  in  certain  circnmstanoeB,  which  led  them  to  anticipate 
no  action,  they  aeveitheless  fonnd  lead  in  water,  but  only  in 
extremely  minute  and  unimportant  proportion.  The  test  for  lead, 
the  bydiOBnlphurio  acid,  when  employed  in  the  way  now  luaally 
practised,  is  so  delicate  as  to  detect  that  metal  dissolved  in  ten 
million  parts  of  water,  and  even  more.  But  facta  wairant  the  con- 
clnsion  that  the  impregnation  must  amount  to  at  leaat  ten  times 
as  much  before  water  can  act  injuriouBly  on  man,  however  long 
it  may  he  used. 

2.  On  the  Preservation  of  IroD  Ships.    By 
James  Young,  Esq.,  of  Kellie. 

My  attention  was  called  in  January  last  year  to  the  msting  of 
iron  vessels  hy  observing  that  the  bilge  water  of  my  yacht  (the 
"Myanza,"  214  tons)  was  much  discoloured  by  red  oxide.  Knowing 
that  bilge  water  ie  apt  to  become  acid,  and  thus  to  attack  iron,  the 
result  was  easily  aoconnted  for.  Even  when  the  water  does  not 
become  acid,  we  may  expect  some  action  on  the  iron  to  take  place 
when  sulphuretted  hydrogen  exists,  as  it  frequently  does  there,  in 
which  case,  first  a  sulphide,  then  an  oxide,  and  some  sulphate,  are 
formed.  The  remedy  seemed  to  be  easy,  because  the  acid  can  be 
neutralised  by  lime.  This  earth  would  also  prevent  the  formation 
of  sulphuretted  hydrogen. 

I  put  this  immediately  into  practice,  adding  lime  until  the  bilge 
water  wae  alkaline;  and  samples  were  taken  every  fourteen  days, 
which  showed  the  amount  of  rust  to  be  rapidly  diminishing.  After 
six  months  the  liquid  became  perfectly  clear,  bo  that  the  cure  is 
complete.  The  yacht  is  a  composite  one,  and  the  action  is  there- 
fore greater  than  in  iron  vessels  generally,  because  of  the  copper 
or  cupreous  bolts  which  are  used.  These  bolts  cause  galvanic 
cuireuts  with  the  iron,  eml  greatly  assist  in  its  oxidation  and 
solution. 

As  a  very  little  lime  will  last  a  long  period,  the  plan  canses 
neither  trouble  nor  expense.  Seeing  in  the  newspapers  that  the 
destruction  of  the  "  Megara  "  ^raB  attributed  to  the  aotiou  of  bilge 
nater,  I  thought  that  my  experience  might  be  of  some  value. 
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3.  First  Report  b;  the  Ckiminittee  on  Boulders  appointed 
by  the  Society. 

Id  April  1671,  a  paper  wu  K&i  in  this  Society  proposiog  & 
scheme  for  the  coneervation  of  bonlder  or  erratic  blucks  in  Scotlaod, 
in  BO  far  as  they  were  remarkable  for  size  or  other  features  of 
interest.  The  Council  of  the  Society  approved  of  the  scheme, 
appointed  a  committee  to  cany  it  oat,  and  agreed  to  aid  in  meeting 
the  expense  of  any  circnlara  which  might  be  neceBsary  for  con- 
dncting  the  inquiries. 

The  objects  of  the  committee  were  twofold.  They  uere  first  to 
ascertain  the  dietricts  in  Scotland  where  any  remarkable  boulders 
were  situated;  and,  second,  to  select  those  which  might  he  deemed 
worthy  of  preservation,  with  the  view  of  requesting  landed  proprie- 
tors aiid  tenants  of  farms  not  to  destroy  them. 

The  labours  of  the  committee  have  ns  yet  been  directed  only  to 
the  first  of  these  objects. 

In  order  to  procure  Information,  they  drew  out  a  set  of  printed 
queries,  applicable  to  boulders  apparently  above  50  tons  in  weight, 
iu  order  to  ascertain  the  parishee  iu  which  they  were  situated,  and 
the  names  of  the  proprietor  and  tenant  on  whose  lands  they  were ; 
and  also  to  team  other  features,  such  as  the  nature  of  the  rocks 
composing  the  boulders,  their  form,  and  the  existence  of  etriations 
upon  them.  Inquiry  was  also  made  whether  the  boulders  had  any 
traditional  names  or  popular  legend  connected  with  them,  or  ex- 
hibited any  artificial  markings. 

The  committee  thought  that,  with  a  view  to  the  conservation  of 
the  boulders,  the  greater  the  interest  which  could  be  shown  to 
attach  to  them,  the  more  chance  there  would  be  of  inducing  pro- 
prietors and  tenants  to  preserve  such  as  the  committee  might 
select  for  preservation. 

Besides  queries  about  boulders,  there  was  one  query  directed  to 
ascertain  the  occurrence  of  hairnet  or  etkari,  {.«.,  long  banks  of  sand 
and  gravel,  as  some  persons  imagined  that  the  agents  which  trans- 
ported boulders  might  have  had  some  relation  with,  or  might  throw 
some  light  on  those  which  were  concerned  in  the  formation  of  those 
deposits. 

Citculata  containing  queries,  a  copy  of  the  minute  of  Council 
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approTiDg  of  tbe  scheme,  and  Appointing  a  committee,  and  an  ab- 
Btract  of  the  paper  read  in  tbe  Society  in  April  1871,  explaining 
the  scheme,  were  transmitted  to  the  minbters  of  all  rural  parishes 
in  Scotland. 

Abont  700  circulars  were  issued.  After  the  lapse  of  six  months 
about  100  answers  were  received. 

The  committee,  on  considering  these,  were  of  opinion,  that  in 
making  their  queries  applicable  only  to  boulders  exceeding  60 
tons  in  weight,  they  bad  probably  erred,  by  exclading  many  boulders 
of  interest,  and  to  this  circumstance  they  attribuled  tbe  small 
number  of  answers  sent. 

Tliey  therefore  resolved  to  issue  another  circular  containing  tbe 
same  queries  as  before,  to  cover  boulders  exceeding  20  tons  in 
weight.  This  circular  was  addressed  to  parochial  school  masters,  as 
the  committee  feared  that  they  might  be  considered  troublesome,  if 
they  made  a  second  application  to  ministers  of  parishes. 

This  second  circular  brought  to  the  committee  a  large  amount 
of  information,  and  they  desire  now  to  express  their  cordial  thanks 
to  both  classes  of  reporters  for  responding  so  readily. 

When  the  committee  was  appointed,  an  expectation  was  exi 
pressed  that  they  should,  from  time  to  time,  lay  before  tbe  Society 
some  account  of  their  proceedings,  and  of  the  progress  made  by 

In  now  proceeding  to  the  performance  of  this  duty,  the  committee 
will  con&ne  themselves  to  a  statement  of  facts  commuoicated,  and 
avoid  at  present  attempting  to  draw  conclusions  from  these  facta. 

1.  In  order  to  show  the  situations  of  tlie  boulders  reported  on, 
the  committee  have  drawn  up  a  list,*  according  to  counties,  giv- 
ing the  names  of  tbe  parishes  where  boulders  occur,  adding  shortly 
any  particulars  regarding  them,  such  as  size,  nature  of  tbe  rock 
composing  the  boulder,  direction  of  tbe  longer  axis,  atriations, 
popular  names,  and  legend,  if  any. 

They  have  also,  on  a  general  map  of  Scotland,  indicated  by  a  red 
cross  the  exact  position  of  the  most  remarkable  boulders. 

From  this  table  and  map,  it  wilt  be  seen  that  Aberdeenthire  pos- 
sesses the  largest  number  of  boulders,  and  also  tbe  boulders  of 
greatest  magnitude. 

*  ThU  lilt  ia  in  the  Appendix. 
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Boss  and  Cromarty  staod  Dezt,  tben  Perth,  Argyll,  Tnvtmett, 
Kirkcudbright,  and  Forfar. 

2.  In  regard  to  lixe,  the  largest  boulder  reported  ie  one  of  granite, 
iD  the  parish  of  Pitlocbiy,  called  "  Clach  Ub6i"  (big  stone),  being 
about  eight  yards  square,  and  estimated  about  800  tons. 

There  are  two  bonldere  between  500  aad  600  t«ns  weight,  one  in 
Boss,  the  other  in  The  Lewis. 

There  are  three  boulders  between  200  and  500  tons,  seven  be- 
tween 100  and  200  tons,  twenty  between  50  and  100  tons. 

3.  With  regard  to  the  nature  of  Crocks  composing  the  bonldera, 
the  largest  reported  are  of  granite,  though  there  is  one  known  to 
the  convener  of  the  committee,  still  larger,  of  conglomerate,  in 
Doune  parish.  The  most  numerous  are  composed  of  compact 
greenstone;  but  these  are  generally  of  small  size.  The  next 
most  numerous  class  are  of  grey  granite.  There  are  aleii  many  of 
gneiss,  grey-wacke,  and  conglomerate. 

4.  The  boulders  reported  generally  di^  in  regard  to  the  nature  of 
the  rocks  oomposing  them,  from  that  of  the  rocks  of  the  district  in 
which  they  ate  situated ;  and,  in  many  of  the  reports,  reference  is 
made  to  the  district  from  which  the  boaldei  is  auppoeed  to  have  come. 

Thus,  in  those  parts  of  Perthshire,  Forfarshire,  and  Kincardine- 
shire where  the  old  red  sandstone  formation  prevails,  and  over 
which  multitudes  of  granite,  gneies,  and  conglomerate  boulders  are 
lying,  most  of  the  reporters  have  no  hesitation  in  pointing  out  that 
the  parent  rock  is  in  the  Grampian  range,  lying  to  the  north  or 
west.  So  also  in  Wigtonshire,  where  the  greywocke  formation  pro- 
Tails,  and  on  which  many  boulders  of  grey  granite  are  lying,  the 
general  opinion  is  that  they  came  from  the  granite  hills  of  Eirk- 
cudbrightshire. 

But  where  a  boulder  happens  to  be  of  a  species  of  lock  the  same 
ae  that  of  the  rocks  of  the  neighbourhood,  it  is  more  difficult  to 
recognise  it  as  a  true  erratic.  Hence,  in  the  Lewis,  where  there  are 
huge  single  blocks  of  gneiss,  which  is  also  the  prevailing  rock  of 
the  country,  the  reporters  say  that  they  cannot  tell  whether  these' 
blocks  are  erratics  or  not. 

5.  The  boulders  mentioned  in  the  reports  are  of  various  ahapea. 
Some  approach  a  cube,  well  rounded  of  oourse  on  the  comers  and 
aides.     That  is  the  shape  mostly  possessed  by  granite  boulders. 
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Otters  again  are  of  an  oblong  shape,  and  thie  is  partionlarly  the  caaa 
with  whinetone  and  gre;fwacke  bouldere.  The  difference  in  this 
respect  is  probably  mainly  due  to  a  difference  in  the  natnntl  atmc- 
tore  of  the  parent  rocks. 

A  point  of  some  importance  occurs  in  regard  to  oblong-shaped 
bonldera. 

The  direction  of  their  longer  axit,  in  the  great  majority  of  oases, 
is  stated  to  coincide  with  tbe  direction  in  which  they  have  come 
from  tlie  parent  rock,  when  tbe  Bituation  of  that  rock  has  been 
ascertained.  Thna,  in  Anchterardei  parish,  there  is  a  boulder  10 
feet  long  by  6  broad,  the  longer  axis  of  which  points  north-weet.  In 
AncbteigsTen  parish  there  is  a  granite  boulder  10  feet  long  by  8 
broad,  the  longer  axis  of  which  points  due  north.  In  Henmuir 
parish,  Forforsbire,  tbero  are  two  large  granite  boulders,  the  one 
11  by  9,  and  the  other  13  by  %  tbe  longer  axis  of  which  points 
north-weat.  In  each  of  these  cases  the  reporters  seem  satisfied  of 
tbe  situation  of  tbe  parent  rock,  and  in  each  case  the  limger  axis  of 
tbe  boulder  points  towards  it. 

It  appears,  also,  that  where  there  ate  natural  itriatioiu  or  rwtt  on 
the  boulders,  these  almost  always  run  in  a  direction  parallel  with 
the  longer  axis ;  and  that  when  there  are  striss  crossing  these,  the 
number  of  such  oblique  stris  are  comparatively  few. 

6.  Notice  in  the  reports  is  taken  of  the  remarkable  pontiont  occu- 
pied by  some  boulders. 

Thus,  the  Ardentinny  report  refers  to  a  large  boulder  called 
"  Claehan  Udalain,"  or  the  nicely  balanced  atone,*  so-called,  as  tbe 
reporter  states,  becaose  "  it  stands  on  the  very  edge  of  a  precipice, 
and  must  have  been  gently  deposited  there."  In  the  same  parish 
there  is  another  boulder,  called  "  The  Qiant'i  PntUng  Stone.  It  is 
pear  shaped,  and  rests  on  its  small  end.  It  looks,"  says  the  re- 
porter, "  as  if  a  push  would  roll  it  over." 

In  Menmuir  parish  (Forfarshire),  two  boulders  are  reported,  each 
from  30  to  40  tons  in  weight,  and  perched  on  or  near  tbe  top  of  a 
hill,  having  come  there,  as  the  reporter  thinks,  from  a  parent  rock 
15  miles  distant,  with  several  valleya  intervening. 

Cases  of  tbe  same  kind  are  reported  from  islands. 

On  lona,  near  tbe  top  of  the  highest  hill  in  the  island,  whioh  is 
'AnotlKftnuMlstof  nprMMte  ttliwMdtomMn  "^MinsML" 
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about  250  feet  above  the  sea,  theie  is  a  great  boulder  of  granite. 
There  IB  DO  grauite  in  the  island.  The  nearest  place  where  that 
rook  occurs  is  in  the  Bora  of  Mutt,  with  an  arm  of  the  sea  iDteTvening. 
In  the  Island  of  Eday,  in  Orliney,  there  is  a  GaDglomeTat& 
boulder,  called  the  "GiaTit'iSUme,"  about  8  tons  iu  weight,  near  the 
top  of  a  hill — the  only  one  in  the  island — about  SOO  feet  high. 
There  is  no  conglomerate  rocb  in  Eday.  But  cougtomerate  rock 
occurs  in  the  Island  of  Stionsay,  situated  to  the  south-east,  a  few 
miles  distant. 

7.  The  report  from  the  parish  of  Benholm  (Forfarshire),  by  the 
Bev.  Mr  Mjres,  gives  information  and  suggestions  to  the  committee 
of  considerable  interest.  On  the  sea  coast  of  that  parish,  two  sets 
of  boalders  are  described.  One  set  are  supposed  to  have  come  from 
the  Grampian  range  many  miles  to  the  north-west,  and  consist  of 
granite  and  gotiias  rocks.  Sut  another  set,  also  consisting  of  pri- 
mitive rocks,  are  believed  to  be  derived  from  a  different  source 
altogether,  viz.,  from  the  great  beds  of  conglomerate  rock,  which 
forms  a  band  crossing  the  whole  of  Scotland  from  Stonehaven 
and  Bervie,  in  a  south-west  direction,  to  Damharton  and  Bothesay. 
Some  of  the  roanded  masses  in  the  conglomerate  are  stated  to  be 
several  feet  in  diameter,  and  a  few  present  appearances  of  striation ; 
tk  fact  which,  if  estahlished,  would  seem  to  prove  that,  at  a  very 
early  period  indeed,  ice  action  had  existed,  and  had  formed  boulders 
just  as  it  did  at  a  later  period. 

This  report  from  Benholm  parish  was  read  lately  at  a  meeting  of 
the  Creological  Society  of  Edinburgh,  and  was  illastrated  by  drawings 
and  specimens  which  afforded  strong  evidence  of  the  correctness  of 
these  views. 

8.  With  regard  to  kaimt  or  long  embankments  of  gravel  or  sand, 
there  are  twenty-three  parishes  reported  to  the  committee  as  con- 
taining them. 

They  appear  to  be  most  numsTons  in  Aberdeenshire,  Forfarshire, 
and  in  the  east  of  Perthshire.  In  Kemnay  parish  there  is  a  kaim 
said  to  be  2^  miles  long,  running  east  and  west.  In  Airlie  parish 
there  is  a  kaim  2  miles  long,  also  running  east  and  west.  In  Fet- 
tercaim  parish,  Kincardineshire,  and  also  in  Tarbet  parish.  Boss- 
shire,  there  ate  severnl  kaims  parallel  to,  and  not  far  distant  from, 
one  another. 
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In  tvo  caaee  the  reporters,  wbo  geem  to  have  Tieited  Swilzer- 
laad,  whilst  mentioiiiDg  kaioiB  ia  their  parishea,  express  an  opinion 
tliat  the;  are  evidently  lateral  and  terminal  moraines. 

In  several  cases,  oddly  enough,  these  baime  exist  at  much  the 
same  level  above  the  sea,  viz.,  between  700  and  800  feet,  which 
happens  also  to  be  the  height  of  siniilai  deposits  in  Berwickshire 
and  Mid-Lothian. 

The  committee  wish  it  to  be  understood,  that  in  the  present 
report,  they  confine  themselves  simply  to  a  statement  of  the 
information  received.  They  do  not  think  it  would  be  wise  as 
yet  to  attempt  to  draw  theoretical  conclusions.  Almost  every 
day  they  are  receiving  more  answers  to  their  circulars;  and, 
they  think  that  the  wider  the  basis  fot  considering  the  important 
geological  questions  connected  with  the  transport  of  boulders  and 
the  formation  of  baims,  there  will  be  the  more  probability  of  reach- 
ing the  truth. 

One  object  which  the  committee  have  in  view  in  explaiuiug  the 
nature  of  the  information  communicated  to  them,  is  to  show  and 
to  acknowledge  the  deep  debt  of  gratitude  which  this  society  lies 
under  to  the  gentlemen  who  have  responded  to  the  circulars  of 
the  committee. 

But  whilst  the  information  supplied  is  undoubtedly  valuable,  the 
committee  cannot  but  feel  the  truth  of  what  many  of  tbe  reporters 
themselves  modestly  and  properly  state,  that  they  are  so  little 
acquainted  with  geology  or  mineralogy,  that  they  may  not  have 
correctly  understood  the  queries,  or  they  may  not  have  made  their 
observations  in  tbe  way  necessary  to  answer  tbe  queries.  Uoreover, 
the  committee  itself  may  not  in  all  cases  have  rightly  understood 
the  answers  given. 

Having  regard  to  these  considerations,  the  committee  would 
very  much  desire  that  the  boulders  re[K>rted  shoald  be  ex- 
amined by  experienced  geologists,  who  should  at  the  same 
time  make  a  survey  of  the  district,  in  order  to  see  whether  it 
presents  any  special  features  bearing  on  tbe  nature  of  the  agency 
by  which  tbe  boulders  were  transported.  Tbe  information  in  tbe 
reports  received  by  the  committee  would  greatly  facilitate  such  an 
inspection,  as  they  indicate  not  only  the  pariah  and  the  farm  where 
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■the  boulder  is  sitnated,  but  generall;  record  other  features  of 
ID  terse  t. 

The  committee  entertain  a  hope,  that  were  this  wish  on  their 
part  made  known,  some  geologistH,  who  may  be  either  resident  in 
Scotland  or  who  may  purpose  to  visit  Scotland  during  the  course 
of  the  ensueing  summer  or  antumn,  might  offer  their  services  in 
the  way,  and  for  the  purpose  now  suggested.  In  that  case,  the 
committee  would  willingly  lend  the  reports  which  they  have  received^ 
on  condition  that  the  results  of  the  inspection  were  made  known 
to  the  committee. 

The  committee  will  place  in  the  library  of  this  Society,  the  list 
of  bonldets  before  referred  to,  showing  the  parishes  in  each  county 
in  which  the  boulders  anij  kaims  are  situated,  bo  that  any  peison 
may  see  where  these  parishes  are,  and  be  able  to  judge  whether  it 
would  be  convenient  for  him  to  visit  these. 

Were  this  list  published,  and  generally  circulated,  good  would 
result  in  another  way.  As  it  would  show  all  the  .parishes  from 
which  reports  of  remarkable  boulders  and  kaims  had  come,  some 
persons  might  be  able  to  discover  parishes  from  which  reports  had 
been  omitted  to  be  sent,  and  if  these  were  pointed  out  to  the 
committee,  they  wonld  make  the  requisite  inquiry. 

II.  The  committee  proceed  next  to  notice  points  of  arckteological 
interest  connected  with  honldera. 

1.  The  committee  were  surprised  with  the  large  number  of 
individual  boulders  poaseasing  names  by  which  they  were  known 
in  the  district. 

The  names  may  be  classified  under  several  heads ; — Fint,  there 
are  names  having  reference  to  the  agency  by  which  tlie  boulders 
were  supposed  to  have  come  into  the  district.  Second,  there  are 
names  indicative  of  the  use  to  which  boulders  were  put.  Tlii'rd, 
there  are  names  making  the  boulders  commemoratii*  of  certain 
events. 

Hany  of  the  boulders,  besides  having  a  name,  have  also  a  legend, 
which  explains  and  illustrates  the  name. 

The  Oianl't  Sttme,  FingaPt  Putting  Stone,  the  Witchee'  Stone, 
the  GarJin  Stone,  Seat&ena,  Hell  Stonet,  the  Deil't  Slone, 
the  DeiVi  Putting  Stone,  the  Deiit  Mither'e  Stone, — these  are 
among  the  names,  almost  all  in  the  Oaelic  language,  which  a^ 
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poreiitly  were  given  to  acoount  for  the  way  in  which  particulir 
boulders  came  into  tlie  dietnct.  * 

To  show  that  tUia  was  the  origin  and  object  of  the  namee,  a  few 
of  the  legends,  as  stated  in  tbe  leyorta,  may  be  giTen.  They  in- 
dicate, no  doubt,  a  very  deplorable  state  of  ignorance  and  credulity; 
but  they  indicate  also  that  in  many  cases  onr  forefathers  had 
satisfied  themselves  that  the  boulders  had  been  transported  into  Ifae 
district.  Their  perplexity  was  how  to  account  for  their  transport. 
Not  knowing  aoything  of  glacieia  or  icebergs,  they  had  to  leeort  to 
Eupematural  agency  for  an  explanation.  A  few  examples  may  be 
given. 

Beferenoe  has  already  been  made  to  a  large  conglomerate  bonlder 
near  the  top  of  a  hill,  in  the  Island  of  Eday,  one  of  the  Orkneys. 
It  goes  under  the  name  of  "Oiant'a  Stone."  The  legend  for  it  is, 
that  it  was  flung  by  a  giant  from  the  Island  of  Stroneay.  Now,  w 
already  stated,  there  is  no  conglomerate  rock  which  could  have 
supplied  the  bonlder  in  Eday  Island,  hot  there  is  in  Stromsa. 

So  also  in  the  Island  of  Sanday,  one  of  the  Orkneys,  there  ia  a 
granite  or  gneiss  boulder ;  the  legend  abont  which  is,  that  it  was 
thrown  from  the  Shetland  Islands  by  a  giantess,  who  had  been 
jilted  by  a  Westray  man.  She  intended  to  throw  it  into  Westiay, 
bat  she  made  a  bad  shot,  and  it  fell  into  the  Island  of  Sanday. 
There  is  no  rock  which  conld  have  produced  the  boulder  in  Sasday, 
but  there  is  abundance  of  it  in  tbe  Sbetlands. 

About  1}  miles  west  of  St  Andrew's  in  Fife,  there  ia  a  large  con- 
glomerate boulder,  and  the  legend  about  it  is,  that  when  the  "Four 
knockit  ite^tte  "  in  that  town  was  being  built,  a  giant  who  lived  at 
Dmmcarro  Crags,  a  hill  abont  6  miles  to  tbe  north-west  of  St 
Andrews,  was  indignant,  and  resolved  to  demolish  tbe  edifice.  He, 
therefore,  got  the  largest  stone  he  could  find,  and  borrowing  bis 
mother's  appon,  he  made  a  sling  of  it,  and  threw  it  ti  St  Andrews. 
But  the  stone  being  too  heavy,  the  apron  broke,  and  the  stone  did 
not  quite  reaoh  its  destinatian,  and  there  it  has  lain  ever  since. 
There  is  no  conglomerate  rock  where  the  boulder  lies,  but  there  is 
at  or  near  Dnimcarro  Crags. 

•  The  Bcr.  Mr  Jous  ol  Golqiie  rsfan  to  >  bonldet  Id  Snthgrlaad,  oiled  "  CTad 
Slhie  MhiM,"  or  stone  of  tbe  Muithold  son,  believed  to  have  bees  thiovD  tvm  k 
hill  two  nOe*  off  bj  Bb>7  Finitsliui. 
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The  Witcbee'  Stone,  which  is  on  the  estate  of  Fitrerran,  near 
Unnrermline,  has  this  legend :  A  witch  who  lived  among  the  bilLt 
to  the  west,  wishing  to  confer  a  favour  on  the  Pitferran  family,  re- 
solved to  give  them  a  cheeBe-press,  the  heaviest  she  could  find.  She 
selected  a  large  block  of  basalt  of  tbe  proper  shape,  and  carried  it  in 
her  apron,  which,  however,  broke  under  the  load  before  she  reached 
tbe  family  residence ;  and  there  it  has  lain  ever  since.  There  is  no 
rock  of  that  kind  near  Dnnfermline,  but  there  is  to  the  west- 
ward. 

In  tbe  parish  of  Camwath  there  are  one  or  two  spots  where  theie 
are  or  have  been  groups  or  collections  of  whinstone  boulders,  be- 
tween tbe  river  Clyde  and  a  hill  of  whinstone ,  known  by  the  name 
of  the  Yeljtin  Craigt.  The  distance  between  the  river  and  this 
hill  is  three  or  four  miles.  Tliese  heaps  of  boulders  have  from  tiiue 
immemorial  gone  by  the  name  of  Eellitanet,  insomuch  that  places 
near  them  are  called  HeUstane*  Loan,  HelUtanet  Gate,  Ac.  The 
legend  is,  that  Michael  Scott  and  a  great  band  of  witches,  wishing 
to  dam  back  the  Clyde,  gathered  stones  at  the  Yelpin  Craigs,  and 
were  bringing  them  towards  the  Clyde,  when  one  of  the  young 
witches,  groaning  beneath  her  load,  cried  out,  "  Oh  Lord,  but  I  am 
tired."  As  soon  as  she  uttered  the  sacred  name,  the  spell  broke, 
the  stones  fell  down,  and  have  remained  there  ever  since.* 

There  are  many  legends  founded  on  the  agency  of  the  devil,  and 
OQ  his  hatred  of  churches  and  clergy.  Thus  near  the  old  church 
of  Invergowiie,  now  in  ruins,  there  is  a  large  whinstone  bouldei-, 
called  the  Paddock  Stone.  The  legend  about  it  is,  that  tbe  devil, 
going  about  in  Fife,  descried  the  church  shortly  after  it  was  begun 
to  be  built,  and  wishing  to  stop  tbe  work,  threw  a  large  stone  at  it 
across  tbe  Frith  of  Tay.  There  is  no  whinstone  rock  at  or  near  In  ver- 
gowrie,  but  there  is  abundance  of  it  immediately  opposite  iu 
Fife. 

In  the  parish  of  Kemnay  (Aberdeenshire),  there  is  a  boulder  of 
grey  granite,  called  tbe  Devil's  Stone,  estimated  to  weigh  about 
250  tons,  which  lies  not  far  from  the  old  kirk.  There  is  no  ruck 
of  that  nature  in  Eemnay  parish,  but  there  is  at  Bennachie,  a  hill 
about  seven  or  eight  miles  to  the  westward.     The  legend  explain- 

•  Thi«  legend  i>  given  more  ftilly  In  •'  Scenery  of  8cotUnd,'  p.  8H,  by  Frottasor 
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iiig  how  tbiB  boulder  came  from  BenDachie  forniB  the  subjtct  of  a 

ballad ,♦  a  few  Teraes  of  which  may  be  given. 

"  It  was  the  feaat  o'  Sanct  BcrnalwB, 
r  th«  meny  month  o'  June, 
When  the  wooda  ue  a'  i"  their  green  li*Bry, 
And  the  wUd  birda  a'  in  tune ; 

"  And  the  priest  o'  Kenmi^  haa  gaen  to  the  kiA, 
And  prated  an  earnest  prayer. 
That  Satan  might  for  aye  be  bund 
To  his  dark  and  bymand  lair. 

"  And  aye  the  haly  organ  rang. 

And  the  sounds  rose  higher,  higher. 

Till  they  reached  the  Fiend  on  Bennachie, ' 
And  he  bit  his  neilB  for  ire. 

"  And  he  lookit  east,  and  he  looldt  we«t. 
And  he  lookit  aboon,  beneath ; 
But  Docht  could  he  see  save  the  haul'  grey  rocks 
That  glower'd  oat  through  the  heath. 

"  He  lifted  aloft  a  ponderoos  rock. 
And  hurld  it  through  the  air  ; 
'  "Twere  pity  je  end  want  reward 
For  aae  devout  a  prayer  1 ' 

"  The  miller  o'  Kemnay  cries  to  his  knave, 
'  Lift  up  the  back  sluice,  loon ! 
For  a  cloud  comes  o'er  frae  Bennachie 
Eneoch  the  mill  to  droon,' 

"  The  boatman  hurries  hii  boat  aebore. 
And  fears  he'll  be  o'er  late ; 
Oif  yon  black  cloud  come  doon  in  rain. 
It  'b  fit  to  raise  a  spate. 

"  But  the  ponderous  rock  cauie  on  and  on. 
Well  aimed  for  Kemnay  Kirk  ; 
And  crosa'd  it  field,  or  croei'd  it  flood. 
Its  shadow  gar'd  a'  grow  mill. 

"  But  the  fervent  prayers  o'  the  haly  priest. 

And  the  power  o'  the  Sonet  Anne, 

They  tnm'd  the  murderous  rock  aside. 

And  foil'd  the  foul  Fiend's  plan. 

By  William  Cadenhead 
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"  And  it  lictitcd  doon  frae  the  daTken'd  lift, 
Like  the  greedy  Erne  bird, — 
And  there  it  »tandB  i'  tlie  auld  kirk-lsuda, 
lUlf-barisd  ia  the  yird." 

These  legends,  in  explanation  of  the  transport  of  Scotch  bouldeiB, 
are  of  the  eame  nature  as  the  legend  which  professes  to  explain  bow 
the  Blue  Stones  of  Stoneheoge  came  to  Salisburr  Plain  in  England. 
Jeffrey  of  Uonmouth,  who  was  the  first  author  to  write  a  descrip- 
tion of  Stonebenge,  eays  that  certain  of  the  stones  were  brought 
by  Merlin  and  a  band  of  giants  from  Ireland.  Hr  Fergusson, 
in  his  book  on  Ancient  Stone  Monuments,  recently  published, 
says  that  some  geological  friends  of  his  have  told  him,  that 
these  blue  stones  of  Stonebenge  are  a  species  of  trap,  which  is  not 
known  in  England,  but  is  well  known  in  Ireland ;  and  therefore 
Mr  FeiguBson  supposes  that  they  probably  were  brought  from  Ire- 
land in  ships.  It  seems  quite  aij  likely  that  these  blue  stones  were 
boulders,  and  were  brought  from  Ireland  by  natural  agency,  and 
deposited  on  Salisbury  Plain  in  that  way.  There  are  strong  proofs 
to  show  that  there  was  an  agency  of  some  kind  which  swept  over 
Ireland  frem  the  westvard,  and  brought  bouldei-s  across  what  is 
now  the  Irish  Channel  to  the  south-west  districts  of  England. 

In  these  legends  we  see  the  efforts  of  the  people  in  those  early 
times  to  account,  in  the  best  way  they  could,  lor  the  transport  of 
boulders  into  their  districts.  It  is  evident  that  they  had  investi- 
gated the  subject,  and  had  made  considerable  approaches  to  the 
truth.  Finding  that  many  of  these  great  blocks  differed  in  com- 
position from  all  the  rocks  of  the  district  where  the^  blocks  lay, 
and  inferring  that  their  rounded  shapes  were  probably  due  to 
friction,  they  inferred  that  they  must  have  come  into  the  district 
from  some  distant  quarter;  and  this  inference  was  confirmed  by 
diacovering  that  in  certain  other  districts  there  was  lock  of  the 
same  description  as  the  blocks.  But  bow  blocks  exceeding  100  tons 
weight  could  have  been  brought  many  miles,  and  over  a  tract  of 
country  uneven  and  broken  in  its  surface,  their  knowledge  of 
nature's  laws  did  not  enable  them  to  explain.  The  only  agency 
which  they  could  think  of  was  superhuman  and  supernatural;  and 
hence  the  invention  of  such  legends  as  assumed  the  agency  of 
Merlin,  giants,  Michael  Scott,  wilches,  and  the  devil. 

DiqitlzscbyGOOqlC 


714  I'roi^eedingB  of  the  Royal  Society 

2.  The  second  class  of  Dames  by  which  particnUt  boalders  are 
known,  have  reference  to  the  vtei  to  which  these  stones  were 
put. 

In  remote  periods  in  the  history  uf  Scotland,  when  there  were  no 
maps,  roads,  or  even  names  of  parishes,  it  was  important  to  have 
some  other  means  of  indicating  spots  or  districts  where  people 
requited  to  congregate  for  special  purposes. 

One  of  the  boulders  reported  to  the  Committee  (in  the  Island  of 
Harris),  still  goes  by  the  name  of  "  Claehan  Treudach,"  or  the  Ga- 
thering Stone. 

What  were  the  special  purposes  for  which  our  early  forefathers 
gathered  together  is  of  course  not  easily  discovered.  But  the 
ancient  names  of  the  boulders  seem  to  tbrowlight  aa  the  sub- 
ject. (1.)  Such  names  as  "  Clach-alewJidaidh,"  or  Stones  of  Wor- 
ship (in  the  parish  of  Eirkmicha«l) ;  "  Glaeh  an  t-Tobairt,"  or  Stone 
of  SocriSce ;  "  dach  na  Oreine,"  Stone  of  the  Sun ;  "  ClaiA  na 
h'Annait."  Stone  of  Victory,  (a  Scandinavian  deity);  and  "CIocA 
mhdr  a  Che"  Crreat  Stone  of  Che,  (another  deity),  seem  very  plainly 
to  indicate  that  tliess  boulders  were  used  as  trysting- places  for 
worfAtjp ;  and  they  were  all  the  more  suitable  if  they  were  looked 
npon  with  superstitious  awe,  on  account  of  theii  supposed  connec- 
tiun  with  spiritual  agency.  On  two  of  the  boulders  reported  to 
the  Committee,  there  are  artiBcial  circular  msrkings,  other  examples 
of  which  are  very  numerous  throughout  Scotland;  and  though 
uicbteo legists  are  not  yet  agreed  aa  to  the  meaning  of  these  marks, 
one  theory  is,  that  they  were  symbols  of  a  religions  character.  It 
is  well  known  that  these  great  stones  were  in  some  way  or  other, 
faindraocea  to  the  reception  and  diffusion  of  Christianity  in  most 
of  the  countries  of  Western  Europe ;  for  between  the  years  500  and 
8U0  there  are  numbers  of  decrees  and  edicts  requiring  these  stones 
to  be  destroyed,  as  being  objects  of  superstition.  There  are  some 
arcbssologists  who  go  so  far  as  to  maintain  that  the  word  "  Eirk  " 
is  actually  synonymous  with  the  word  "  Circle,"  meaning  the  circle 
of  stones  where  Celtic  worship  was  performed. 

(2.)  Another  use  to  which  these  boulders  were  ap[4ied  was 
Sepvlture.  There  is  in  Berwickshire,  a  boulder  known  by  the  name 
of  tho  "  Pech  or  Pict's  Stone,"  round  which  human  bones  in  very 
Urge  quantities  were  found  a  few  years  ago;  and  similar  disco  veiius 
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have  been  made  st  boulders  in  many  other  districts,  eBpeei&lly 
where  the3r  formed  circles. 

If  these  great  boulders  were  used  as  places  of  worship,  it  was 
natural  that  the;  should  also  be  used  for  sepulture,  od  account  ol 
the  supposed  sanctity  of  the  place.  Indeed,  the  fact  of  a  place 
ha?ing  been  used  for  sepulture,  creates  of  itself  a  presumption  th&l 
it  wu  used  also  for  worehip. 

(3.)  Another  important  purpose  for  which  the  boulders  were 
used,  was  for  the  trial  of  offender!  and  the  issuing  of  judicial  len- 
tmeet.  Thus,  in  Little  Dnnkeld  parish,  lliare  is  a  large  boulder 
called  "  Ctach  a  mkoid,"*  or  Stone  of  the  place  of  Justice,  where 
the  baron  of  the  district  could  try  offenders,  with  right  to  bang  or 
drown  those  convicted.  In  Ayrshire  there  is  another  large  boulder 
called  the  Stone  of  Judgment,  for  the  barony  of  Killochon.  Several 
laige  rocking  stones  have  been  reported.  la  aucient  ttmes,  when 
very  mde  tests  of  guilt  or  innocence  were  employed,  the  rocking 
Bl<me  was  used  in  the  trial  of  pereons  accused  of  crimes. 
"  It  moTsa  obteqnioiu  to  the  gentleat  toncb, 

or  bim  wtioas  breast  u  para.     Bat  to  the  traitor, 

Though  even  a  gmnt'*  prowess  nerved  Mm, 

It  stands  as  fixed  as  Saowdon." 

(4,)  There  are  boulders  which  are  known  to  have  been  used  as 
ii-j/iting  placet  for  military  gatherings;  a  large  boulder  on  Cul- 
lodeu  Moor  is  one  example.  It  was  on  a  whinstone  boulder  called 
'lie  Bon  StoM,  that  Bobert  Bruce  planted  his  standard  before  the 
Battle  of  Banoockbum.  A  sandstone  boulder  on  the  Borough 
Mnir,  near  Edinburgh,  was  the  gathering  point  for  the  army  col- 
leoted  by  James  IV.  before  the  Battle  of  Flodden.  Both  of  these 
stones  are  in  existence.  The  Bannockbum  etope  is  protected  by 
an  iron  grating.  The  other  stone  is  also  preserved,  being  fixed  on 
a,  wall  near  Komingside  parish  church,  having  on  it  a  brass  plate, 
bearing  an  inscription,  given  by  the  late  Sir  John  Forbes. 

(5.)  Some  boulders  are  said  to  have  been  used  as  trysting  places 
for  the  eoTttracfing  of  engagernenti,  such  as  matrimonial  contracts, 
and  others  less  important.  There  is  a  boulder  in  the  parish  of 
Coldstream  (Berwickshire),  called  the  Qrey  Stone  from  its  colonr, 
at  which  within  the  last  hundred  yean  marriages  took  place.  Tiie 
•  New  Stot  Ace.  vol.  i.  p.  1007. 
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bride  and  bridegroom  stood  od  tiptoe  od  each  Bide  of  the  stone  and 
joined  hands  over  the  top,  whilst  the  friends  of  each  party  puf- 
ronnded  the  atone  to  witness  the  engagement.  The  Btone  of  Odin, 
in  the  Orkneys,  at  which  marriageti  were  celebrated,  was  held  in 
peculiar  veneration;  for  in  one  case  where  a  man  was  pro- 
secuted for  deeerting  his  wife,  it  was  stated  to  be  an  aggravation 
of  hie  offence,  that  they  had  been  married  at  the  Stone  of  Odin. 

3.  A  third  claes  of  names  given  to  boulders  bad  relation  to  them 
as  commemorative  of  important  events. 

ThuB  there  is  in  fiadenoch  the  "  CUtch  an  Charra,"  or  Stona  of 
Vengeance,  so  called  becanse  a  profligate  and  tyrannical  feudal 
baron  was  killed  by  his  own  people  near  it.* 

There  is  in  Lewis  the  ''  Glach  D'hois,"  or  Stone  of  DlioiB,  • 
boulder  of  gueisa,  weighing  about  120  tons.  It  is  called  after  a 
person  named  D'hoia,  who  slew  a  giant  near  the  bonlder,  and  who 
also  himself  died  immediately  after,  from  the  wounds  received  in 
the  conflict.t 

4.  Some  boulders  were  used  to  mark  the  boundaries  of  estates, 
parishes,  and  counties,  and  are  still  in  many  parte  of  Scotland 
recognised  as  affording  evidence  on  that  subject. 

In  Boss-Bhire,  the  boundary  between  the  districts  of  Urray  and 
Contin  is  marked  by  the  boulder  called  "  Ctachtowtdron." 

A.  great  boulder  is  said  to  indicate  the  spot  where  the  three 
counties  of  Dumfries,  Ayr,  and  Lanark  meet. 

The  line  of  boundaiy  between  England  and  Scotland  was  in  the 
eastern  hoidera  originally  indicated  by  bouldera,  several  of  which 
still  remain. 

5.  Some  of  the  boulders  have  curious  popular  predictions  con- 
nected with  them. 

Thus,  near  Invergowrie,  on  the  north  side  of  the  Frith  of  Ta^, 
there  were  in  the  days  of  Thomas  the  Bhymer  two  bouldera 
entirely  snrrauDded  by  the  water,  of  which  the  seer  sang — 
"  When  OowH  of  Oowrie  come  to  lutd 
The  day  of  judgment's  neat  at  hand." 
These  two  boulders,  called  the  Gows  (probably  because  always 
frequented  by  sea-gulls),  are  now  no  longer  surrounded  by  water. 
•  Prooeeding*  Soe.  of  Scotch  Antiqnartee,  vol.  tL  SS8. 

f  TM«  Bonlder  and  lU  legend  nported  to  the  committee  by  Captain  Thoma^ 
R.N. 
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Bat  it  is  not  they  which  have  come  to  land,  the  land  has  come  to 

In  the  pariah  of  Crieff  a  boulder  of  wbinetone  is  reported,  with 
a  vein  of  whit«  quartz  through  and  partially  round  it,  in  con- 
sequence of  which  the  stone  has  from  time  immemorial  been 
known  as  the  Belted  Stane.  The  prediction  about  it  ie,  that  the 
white  belt  will  gradually  increaBe  in  length  till  it  envelopes  the 
stone;  and  that  whenever  the  two  ends  meet,  a  great  battle  will  be 
fonght,  on  which  occasion  a  king  will  he  seen  mounting  his  horse 
at  the  stone, — 


Geologists,  however,  are  of  opinion  that  there  is  not  much  chance 
of  the  quartz  vein  extending. 

Perhaps  some  persons  may  think  that  the  time  of  the  Boyal 
Society  should  not  be  taken  up  by  any  allusion  to  these  absurd 
popular  legends.  There  are,  however,  good  reasons  for  leferxing 
to  them.  In  thojirtt  place,  they  are  evidence  of  the  eztraordinaiy 
ignorance  and  superstition  which  prevailed  in  former  times  in  our 
own  land,  and  even  at  no  very  distant  date.  In  the  teamd  place, 
the  archfeological  and  even  historical  associations  with  which  many 
of  the  boulders  are  invested,  may  induce  many  proprietors  to  take 
an  interest  in  them  and  save  them  from  destruction,  if  the  com- 
mittee think  them  worthy  of  preservation. 

There  is  even  yet  among  our  fellow-countrymen  a  considerable 
amount  of  interest  felt  in  these  boulders,  and  particnlaily  such  as 
have  traditionary  names  and  legends ;  and  it  is  to  this  feeling  that 
several  are  indebted  for  their  preservation.  Professor  Qeikie  at 
the  last  meeting  of  the  British  Association  told  this  anecdote  of 
the  Ayrshire  boulder,  known  as  the  Eillochan  Stone  of  Judgment. 
An  enterprising  tenant,  a  stranger  to  the  district,  finding  this 
stone  much  in  his  way,  was  preparing  to  blow  it  up  with  gun- 
powder. His  intention  becoming  known,  some  of  the  old  reaidenters 
went  to  the  laiid's  factor  and  asked  whether  he  knew  what  was 
intended.  On  his  stating  that  he  did  not,  he  was  entreated  to  pre- 
vent the  stone  from  being  destroyed.  The  proprietor  was  com- 
municated with,  and  the  new  tenant  was  interdicted  from  meddling 

VOL.  VII.  5  0^ 
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with  the  st'ine.  Shortly  afterwudB  this  iDscriplion  woe  put  oq 
the  stone,—'-  The  Banm't  Stone  of  Killoehan."  • 

It  IB  a.  boulder  of  blue  whinetone,  on  which  staods  the  market 
croBB  of  luvernesB.  FoT  aome  reaaon  or  other,  it  Ib  preserved  aa 
the  Palladium  of  the  town,  ever  since  the  battle  of  HarUw  in  the 
year  1411.  It  is  called  "  Clach  na  etidden,"  or  "Stone  of  the  tnbs," 
from  the  circumstanoe  that  the  people  carrying  water  from  the 
rivet  used  long  ago  to  rest  their  tabs  on  it.  It  was  till  lately  in 
the  middle  of  the  street;  bnt  having  ceased  to  be  of  use,  when 
water  was  brought  into  the  town  by  pipes,  it  was  removed  to  the 
aide  of  the  stret-t  opposite  to  the  town  hall,  with  the  old  cross  of 
the  towD  and  the  Scottish  arms  resting  on  it  "  Clack  na  eudden 
botft,"  IB  a  nr>m  ie^iuerre  for  InvemesBians;  and  "All  our  friends 
round  claeh  na  eudden,"  is  a  toast  given  in  many  a  distant  land. 

In  the  parish  of  Kattray,  there  is  a  remarkable  bonlder  of  mica- 
ceons  schist,  weighing  about  26  tons,  of  which  some  account  was 
given  a  short  time  ago  in  this  Society.  It  beats  a  number  of 
artificial  markings  of  a  very  ancient  date.  I'he  tenant  of  the  farm 
on  which  it  is  situated  proposed  to  blow  it  up.  Some  of  the  iO' 
habitants  having  heard  of  this,  went  to  the  minister  of  the  parish 
and  begged  him  to  take  steps  to  save  the  old  stone  of  Glenballoch. 
The  proprietor  being  on  the  Continent,  the  rev.  gentleman  ap- 
plied to  the  factor,  and  through  his  good  offices  saved  the  stone. 
This  gentleman  being  still  under  anxiety  about  it,  lately  requested 
this  committee  to  communicate  with  the  proprietor.  Colonel  Clark 
Rattray,  with  the  view  of  obtaining  from  him  a  promise  that  the 
stoue  should  be  preserveil.  Colonel  Clark  Batttay  was  accordingly 
written  to  by  the  convener  of  the  committee,  and  he  at  once  oc- 
ceeded  to  the  request. 

There  is  on  the  shore  at  Prestonpans,  on  the  south  side  of  the 
Firth  of  Forth,  a  large  basaltic  bonlder,  which  has  long  been 
known  under  the  name  of  "  Johnny  Moat."  The  Convener  wish- 
ing to  see  this  bonlder,  he  went  out  from  Edinburgh  a  few  weeks 
ago  by  rail  to  Tranent  Station,  and  walked  towards  the  shore  in 
search  of  it.  Between  the  railway  station  and  Prestonpans  he  met 
a  boy,  whom  he  stopped,  and  telling  him  that  he  had  come  to  see 

*  An  ttcoaant  of  this  boulder  waa  publUhed  in  U&cmillau'B  Magaiine  for 
March  ises,  hj  ProfeBsor  Qoikie. 
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the  boalder  called  "Johnny  Moat,"  he  asked  the  way.  The  boy 
pointed  it  out  at  ODce.  Three  or  Tour  other  peraoDs  in  sncceeeioD, 
two  of  them  numen,  had  to  be  asked  the  aame  queation  before  the 
spot  was  reached.  Every  oae  knew  "  Joimny  Moat."  1  he  last 
peraon  accosted  was  a  fisherman,  and  he  volunteered  to  be  guide. 
He  seemed  somewhat  suspicious  of  the  stranger's  intentions;  for 
after  reaching  the  stone,  he  remained  beside  him  till  he  saw  it 
was  only  to  measure  its  dimensions  and  make  a  sketch  of  it,  that 
he  had  come.  From  what  was  observed  during  this  visit,  it  was 
evident  that  every  inhabitant  of  Frestonpans,  not  only  knew  of  the 
boulder,  but  took  a  personal  interest  in  it,  and  would  sternly  resist 
any  attempt  to  destroy  it. 

It  is  satisfactory  to  find  tliis  popnlar  feeling  still  prevailing  to 
some  extent.  But  the  feeling  is  not  of  itself  sufGcient  to  prevent 
the  wholesale  destruction  which  is  going  on  in  many  parts  of  Scot- 
land. Thns,  the  minister  of  fiendochy  reports  to  tbe  committee, 
that  "  on  the  rising  ground  behind  his  manse,  there  was  a  circle  of 
large  stones,  boulders,  standing  on  tbeir  ends  (Bruidicai);  but 
some  years  ago  they  were  removed.  The  place  is  yet  called  '  The 
Jifine  Stanes.'" 

There  was  formerly  a  rocking  stone  in  Aberdeenshire,  estimated 
at  about  50  Ions  weight;  but  it  has  now  been  converted  into  field 
dykes. 

Numberless  cases  of  the  same  kind  can  be  specified. 

It  is  therefore  most  necessary  to  take  steps  to  preserve  what  re- 
main of  these  megalithic  relics;  and  it  is  especially  gratifying  to 
the  committee  to  be  able  to  state,  that  the  movement  towards 
this  object,  made  by  this  Society,  has  met  with  general  approval. 

The  British  Association,  at  its  last  meeting,  so  highly  approved 
of  the  scheme,  that  it  appointed  a  committee  of  some  of  its  most 
influential  geologists  to  carry  out  a  similar  scheme  for  £ngland 
and  Ireland. 

In  the  last  number  of  the  "  Qeological  Magazine,"  there  is  a  luuUa- 
tory  notice  of  the  object  and  operations  of  the  committee ;  and  the 
readiness  with  which  all  parties  applied  to  in  Scotland  have  re- 
sponded to  the  circulars  of  tbe  Committee,  proves  how  much  they 
also  approve,  to  say  nothing  of  express  commendations  contained 
in  individual  reports.     Even  in  Switzerland  notice  has  been  taked 
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of  oar  Scottish  movement,  and  in  very  complimentary  terms;  for 
a  fev  weeks  ago,  a  pamphlet  by  Professor  Favie  of  G-eneva  was 
received  by  the  convenei,  alluding  to  our  Society's  movement  in 
thia  matter,  and  anticipating  important  lesu Its  from  it. 


Li»f  of  Boulders  reported  to  Royal  Society,  arranged  by  Counties 

and  Pariekee. 

Abebdekn. 

Aberdeen  (^Town). — In  excavating  for  foundation  of  house  in  TTnioo 
Street,  boulder  of  black  eienlte,  6x5x4  feet  found.  No 
ruck  like  it  in  eitu  nearer  than  Huntly  or  Ballater,  about  30 
miles  to  M.W.  or  W.  Under  surface  of  boulder,  striated. 
The  direction  of  striee  coincides  with  the  longer  axis  of 
boulder,  viz.,  about  east  and  west.  Preserved,  and  set  up  in 
Court  of  Marisohall  College.     (Beporter — Professor  Nicol.) 

Ballater. — On  top  of  Morven,  3000  feet  above  sea,  several  granite 
boulders,  unlike  rock  of  hill,  and  apparently  from  mountains 
to  west.    (Jamieeon,  "Geol.  Soo.  Jour.,"  xxi.  p.  165.) 

Belhelvie. — Gneiss  boulder,  about  8  feet  diameter,  called  the  "  Caple 
Stone,"  near  parochial  school.  Bocks  tn  n'fu;  near  it  are 
granite.     (Reporter — Alex.  Cruicksbanke,  Aberdeen.) 

Sienite  boulder,  in  a  wall,  King  Street  Road,  about  3^  x  2 
feet.     The  face  covered  with  stri»  parallel  to  longer  axis. 

Cnimey  Oranite  Quarry,  3  mites  N.W.  of  Aberdeen,  and  about  400 
feet  above  sea.  When  boulder  clay  removed,  surface  of  rock 
found  to  be  smoothed  and  grooved  in  a  direction  E.N.E.  and 
W.S.W.  (true.)     (Reporter— Alex.  Cruickahanks,  Aberdeen.) 

Bourlie. — 1.  Four  Greenstone  bouldere,  supposed  to  be  Druidical ; 
what  is  called  "The  Altar  Stone,"  16x6x6  feet,  weighs 
about  18  tons.  2.  Boulder,  about  20  tons.  Longer  axis  E. 
and  W.  Called  "  Bell  Stane,"  the  church  bell  having  once 
Lung  from  a  post  erected  in  it.  3.  Whiustone  boulder,  about 
20  tons,  on  Barra  Hill,  called  "Wallace's  Putting  Stane," 
24  feet  in  circumference.  Legend,  that  thrown  from  Ben- 
nachie  Hill,  distant  about  nine  miles  to  west.  4.  Whinetoue 
boulder,  called  "Piper's  Stone."  Origin  of  name  given. 
S.  Wbinstone  bonlder,  called  "  Maiden  Stane."    Tradition 
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accounting  for  name.  6.  Several  Dniidical  circlee  deBcrib&d. 
(Bepoiteru — Bev.  Sr  Bisset,  and  Mr  Jamieeoa  of  EUod.) 

Braemar. — At  bead  of  Gleo  Sluggan,  several  large  eiraticB.  These 
Btaod  exactly  do  waterehed  or  summit  level.  Near  shooting- 
lodge  there,  a  cluster  of  four  or  five  immense  angular  granite 
boulders.  The;  touch  one  another,  and  may  be  fragmenta  of 
oue  enormous  mass.  The  adjacent  rock  is  quartz.  These 
blocks  situated  at  end  of  a  loDg  low  ridge  or  mound,  which 
extends  from  south  extremity  of  Ben  Avon  Hills,  and  which 
strewn  thickly  ovei  with  great  granite  blocks.  The  mound 
composed  of  a  mixed  debris  of  earth  and  stones,  and  is  appar- 
ently a  moraine.  The  adjoiuiug  mountain  of  "  Cairn  a 
Diochid  "  is  composed  of  quartz  and  granite.  On  top  of  it 
are  large  granite  boulders,  many  of  which  situated  on  quartz 
rock.    (Reporter — Mr  Jamieson,  Ellon,  in  letter  to  convener.) 

Chapel  Qarioek. — Boulder,  19  x  15^  x  11^  feet,  weighing  about  250 
tons  above  ground.  Height  above  sea  280  feet.  Bests  on 
drift.  Longer  axis  E.  and  W.  Legend,  that  thrown  from 
fiennachie  Hill  to  north-west.  The  rock  of  boulder  differs 
from  rocks  adjoining.  Kaims  abound  in  parish.  (Reporter — 
Rev.  G.  W.  Sprott.) 

Cntden. — In  Boddom  Dean,  a  granite  boulder  called  "  The  Hang- 
ing Stone,"  measuring  37  feet  in  circumference  and  27  feet 
over  it,  resting  on  several  small  blocks  of  granite.  Supposed 
to  be  Druidical,  Half  a  mile  east  there  is  another  of  20  tons. 
(Buchan'a  Feterbead,  published  in  1819,  and  James  Mitchell, 
Boddam.)  Huge  granite  boulder,  called  "  The  dray  Stone 
of  Aide D draught,"  broken  up  in  1777  to  build  walls  of  Parish 
Church.  It  was  the  stone  o»  which  "Hallow"  fires*  used  to 
be  lighted.    (Jamieson,  "  Geol.  Soc.  Jour.,"  xiv.  p.  625.) 

■  "  Hallow  "  flrei  were  lighted  on  8Iet  October,  and  ware  cslUd  "  Soiab- 
theioe."  The  "  Beil-theiue  "  fires  were  lighted  on  lat  Utj.  These  pnc- 
ticoB,  formerly  general  iu  the  Highlands  of  BcoUand,  were  probably  connected 
with  the  worship  of  the  tun,  whose  departure  in  antmnn,  and  return  in  spring, 
were  aignified  by  these  rites.  The  Rev.  Mr  Piatt  published  an  account  of 
Buchan  in  the  year  16G8,  and  states  (page  21), "  Hallow  Sies  are  still  kindled 
on  the  eve  of  All  Saints,  by  the  inhabitants  of  Bnchan — froqi  sixty  to  eighty 
flres  being  frequently  seen  from  one  point."  {Old  Stai.  Aeet.  nf  Scotland, 
vol.  xi.  p.  621,  and  voL  xii.  p.  <68.) 
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At  Menie  Coast  Guard  Station,  granite  boulder,  54  feet  m 
circumference  and  7  feet  above  ground;  also  a  graenatone 
boulder,  78  feet  in  circumference  and  6  feet  above  ground. 
(Jamieson,  "GeoL  Soc.  Jour.,"  siv.  p.  513.) 

Near  tbe  "  BuUere  of  Bucban,"  there  etanda  "  The  Hare  or 
Cleft  Stone,"  which  marks  th«  boundary  between  the  pariebeB 
of  Cruden  and  Peterhead.  Granite  9x8  feet,  160  feet  above 
sea.  (Fiatt'B  "  Bucban,"  1858,  page  47,  and  Juuea  Mitchell, 
Boddam.) 

In  this  parish,  and  to  north,  Duraeroua  rnouodB  and  ridges 
of  gravel,  called  at  one  place  "HtUs  of  Fife,"  at  another, 
"Kippet  HilJB."  The  generic  name  of  these  mounds  and 
ridges  in  this  part  of  Scotland,  ia  Celtic  word  "Druim"  or 
"  Drum."  They  are  composed  sometimes  of  sand,  more  fre- 
quently of  gravel.  The  gravel  cousists  (^  fragments  of  rock, 
generally  from  westward.  They  are  always  well  rounded,  by 
the  friction  they  have  undergone.  They  aometimea  reach  a 
aize  iif  2  feet  in  diameter.     The  pebblea  are  chiefly  gneiss. 

On  top  of  some  of  the  knolls  and  ridgee  there  are  large 
boulders.  There  is  one,  near  Menie,  being  a  coarse  crys- 
talline rock,  with  a  greenish  tint,  6x5  feet.  Another 
boulder  of  greenstone  lies  noai  it.  Very  frequently  a  stratum 
of  red  clay  lies  over  the  gravel  ridges,  encircling  the  base  of 
boulders,  indicating  that  after  the  gravelly  ridges  had  been 
formed,  and  the  bonldeis  deposited,  muddy  sediment  had  been 
deposited  in  deep  water.     (Jamieson,  ''  Geol.  Soc  Journ.") 

The  following  additional  information  aent  by  Mr  James 
Hitcfaell,  Boddam : — 

No.  1  boulder,  in  a  ravine  at  Bullets  of  Bucban,  granite, 
14  X  8  K  5  feet.     About  15  feet  above  sea. 

No.  2  boulder,  on  confines  of  Onulen  and  Peterhead. 
Granite,  18  x  12  x  6^  feet  (above  ground),  290  feet  above  sea. 

No.  3,  half  a  mile  to  E.  of  No.  2,  a  granite  boulder,  13  x  9 
X  5  feet,  at  a  height  of  260  feet  above  sea. 

Along  the  south  side  of  Peterhead  Bay,  and  as  far  as  Bucban 
Ness,  the  shore  is  strewed  with  blocks  of  granite,  gneiss,  trap, 
and  sandstone;  many  of  them  belonging  to  rocks  not  found 
nearer  than  20  or  30  uilt-s. 
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A  belt  of  gravel  and  calcareous  sand  forms  a  semicircular 
arc,  nith  a  ladiuaof  about  3  miles  from  the  coast,  paseiog 
through  CnideUB  and  Slains.  The  moat  conspicuous  hillock 
in  tbe  line  is  a  narrow  Eaim  in  Slains  parish,  called  the  Kipet 
HiU, — the  abode  of  fairies  and  elf  bulls. 

Compact  groups  of  boulders  form  lines  generally  in  a  N.E. 
and  S.W.  direction.  But  a  large  number  have  been  sown 
broadcast. 

Cvlaalmoiid  (Gariocb). — Boulder  of  blue  gneiss,  6}  x  2J  feet,  known 
as  the  Newton  Stone,  containing  Ogham  and  other  very  antique 
inacriptiouB.     (Professor  Nicol  in  letter  to  Coovener.) 

Ellon. — At  junction  of  Ythan  and  Ebiie,  sienitic  greenstone  boulder, 
22  X  91 X  8^  feet,  resting  on  gneiss.  Near  same  place,  another 
still  larger.  All  these  boulders  have  come  from  W.  or  W.N.W. 
(Jamieson,  in  letter  to  Convener.) 

Olaai  (5  or  6  miles  west  of  Huntly). — Five  blocks  called  "  Claekan 
Duibh"  (Black  Stonofi),  on  Tod  Hill.  G-irth  of  each  about  50 
feet,  and  height  from  10  to  12  feet.  Being  of  same  rock  as 
hill,  not  certain  whether  brought  from  a  distance.  Other 
boulders  on  hill  apparently  different  from  adjoining  rocks. 
Height  above  sea  about  1000  feet.  (Reporter— J.  F.  Hacdonald, 
parochial  schoolmaster.) 

^emnay.— Boulder,  38  x  30  x  10^  feet,  about  300  feet  above  sea ; 
longer  axis,  E.  and  W.  Boulder,  3S  x  30  x  10  feet,  about  325 
feet  above  sea;  longer  axis  N.  and  S.  Boulder,  25  x  23  x  8  feet, 
about  S25  feet  above  sea;  longer  axis,  E.  and  W.  Boulder, 
28  X  25  X  8  feet,  about  325  feet  above  sea;  longer  axis  N.  and  S. 
Boulder,  30x  28x  10  feet,  about  360  feet  above  sea;  longer 
axis,  N.  and  S.  Bonlder,  33  x  27  x  6  feel,  about  360  feet  above 
sea;  longer  axis,  N.  and  S.  Boulder,  21  x  20>  3  feet.  All 
these  boulders  are  blue  gaeies,  whilst  rocks  adjoining  are  a 
coarse  grey  granite.  On  Quarry  Hill,  situated  to  north,  600 
feet  above  sea,  the  rocka  show  striationB  indicating  movement 
from  west.  Eaimes  in  valley  parallel  tvith  valley  running 
N.E.  and  S.W.  for  two  or  three  miles.  Legend,  about  devil 
throwing  boulders  at  church  from  Bennachie  Hill,  situated  to 
N.W.  about  eight  miles.  See  ballad  in  Report.  (Reporter — 
Itev.  George  Peter,  M  A.,  parisli  minister.) 
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Logie  Colditone. — This 'parish  thirty  miles  N.W.  of  Aberdeen. 
Surrounded  at  N.W.  b;  amphitheatre  of  bills,  of  which 
Morren  2850  feet  high.  It  contaiuB  numerous  mounds  of 
gravel  and  sand,  in  layers,  showing  action  of  water.  They 
have  the  form  of  "  kaime."  Though  there  are  no  bonlders, 
there  are  pebbles  up  to  a  etot.  or  more,  imbedded  in  water- 
Worn  gravel  and  fine  Band.  The  pebblee  are  of  same  rock  as 
adjoining  hills — gneiss,  granite,  and  horablende.  Two  sin- 
gularly shaped  mounds,  one  60  feet  high,  the  other  com- 
posed entirely  of  sand.  They  resemble  tbe  terminal  moraines 
seen  in  the  Grindelwald  and  other  parts  of  Switzerland. 
Some  years  ago  a  number  of  boulders  (from  3  to  6  tons  in 
weight)  were  destroyed  at  a  place  situated  to  the  north  of 
this.  They  were  of  a  soft,  bluish  granite,  differing  from  any 
granite  rock  within  a  distance  of  nine  or  ten  miles.  One  of 
these  boulders  might  weigh  20  tons.  This  place  had  all  the 
appearance  of  an  ancient  lake.  Tbe  boulders  may  have  been 
brought  to  it  by  same  agency  as  that  now  seen  on  the  UTarjetia 
See,  near  Aletsch  Glacier.  (Reporter — J.  6.  Michie,  school- 
house,  Coldstone,  Tarland.) 

Ktv>  Deer. — A  great  number  of  boulders,  from'l  cwt.  to  several 
tons,  lie  in  a  sort  of  line  for  more  than  a  mile  S.E.  from  farm 
of  G-reen  of  Savocb,  as  far,  at  least,  as  the  hill  of  Coldwelle 
and  Toddlehills,  in  parish  of  Ellon.  Elsewhere  tbey  are 
mostly  on  surface.  Locally  called  "Blue  Heathens."  On 
Wh'itestone  Hill,  Ellon,  and  on  Dudwick  Hill,  chalk  flints 
are  exceedingly  abundant,  (Beporter — James  Moir,  Savocb, 
by  Ellon.) 

In  this  parish  formerly  there  was  a  rocking-stone,  called 
"  The  Muckle  Stone  of  Anchmaliddie."  On  the  Hill  of  Culah, 
formerly  a  Sruidical  circle.  About  seventy  years  ago  the 
stones  were  carried  away  to  aid  in  building  a  manse.  Farm 
where  situated  still  called,  "  The  Standing  Stones  of  Oulsb." 
(Rev.  J.  Pratt's  Account  of  Bucban,  1856.) 

ToHft'e.— Stone  of  unhewn  granite,  standing  about  7  feet  above 
ground,  on  north  side  of  river  Don,  near  bridge.  Sup- 
posed to  be  Dmidical  ("  New  Statistical  Account "  of 
parish). 
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Appiii. — G-ranite  boulder  20x18x11  feet,  about  290  tone. 
Differs  from  adjoining  rocke.  Longer  axia  N.E.  Striated. 
Apparently  has  come  from  head  of  valley,  which  to  N.  or 
N.E.  There  ia  also  a  line  of  bouldera ;-— rocka  striated  in  direc- 
tion of  glen.  (Beportere — Jamee  M'Dongall  and  Sir  James 
Alexander,  who  sends  a  aketcli.) 

ATdentinny. — 1.  Boulder,  called  "Pulag"*  (Big  Round  Stone), 
about  30  tone.  In  critical  position  on  edge  of  cliff.  2. 
Boulder,  called  "  Q-iant'a  Putting  Stone,"  pear-shaped,  and 
rests  on  small  end.  3.  Boulder,  called  "  Clachau  Udalain" 
(nicely-balanced  stone),  larger.  (Reporter — Rev.  Robert 
Craig.) 
■  Duncanthwrgh  {nea.T  Kilmallie). — Granite  bonlder,  7  x  5J  x  S  feet, 
called  "  Tryating  Stone."  Tradition.  There  are  larger 
boulders  nearer  Ben  Nevis.  (Reporter — Patrick  Gordon,  min., 
Q.  S.  Duncanaburgh,  Fort- William.) 

Dunoon  (Eim). — Trap  boulder,  21  x  14x  7  feet,  about  164  tons. 
The  adjoining  rocks  are  mica  schist  and  clay  slate;  striated- 
Photograph  seut.  (Reporter — Rev.  James  Hay,  minister  of 
Kirn.) 

OUneoe. — Trap  boulder,  about  90  feet  Jo  girth  and  about  10  feet 
high.  It  is  nearly  round,  and  lies  on  an  extensive  fiat,  so 
that  very  conspicuous  from  a  distance.  (Reporter — Captain 
White,  B.E.)   . 

Inithail  (North  of  Inverary). — Granite  boulder  about  8  feet  above 
ground,  called  "  Bob  Roy's  Putting  Stone,"  about  1  mile  from 
Taynuilt  Inn  on  Oban  road,  about  GO  feet  above  sea.  A  moun- 
tain of  same  rock  about  1  mile  distant.  Longer  axis,  E.  and 
W,  Due  west  from  above  about  IJ  miles,  another  bonlder 
on  a  ridge  on  side  of  Loch  Etive,  in  Muckairu  parish. 
Several  large  boulders  on  road  between  Dalmally  and  Tyndrum; 
also  on  road  between  Tyndrum  and  Black  Mount,  about  4 
or  5  miles  from  Tyudrum.  A  fine  bonlder  on  Corryghoil 
farm   (Mr  Campbell)  between  Inishail  and  Dalmally.    (Re- 

*  Another  tranBlntoT  Btales  that  "  Faloff  "  in  Gaelic  means  a  "  tbmt." 
VOL.  VU.  5  D 
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porter — Bev.  Sobert  M.  Uocfarlane,  minister  of  Glenoich; 
And  Inishail). 

/nvercAoo/atfl. — Gneisa  boalder,  lOJxTxS^  feet,  about  30  tsaa. 
Called  "Craig  nao  Oailleach  "  (Old  Wife's  Hock).  Differs 
from  rooks  of  district.  At  head  of  Loch  Striven,  muiy 
boulders,  same  as  rocks.  (Reporter— John  B.  TbompsoD, 
schoolmaster.  In  ell  an.) 

lona  (Island). — Granite  boulder,  24  x  18  x  6  feet,  130  tons.  Longer 
axis  N.W.  There  are  a  great  many  others,  chiefly  on  E.S.E. 
side  of  island,  opposite  to  Ross  of  Mull,  from  which  bonlder 
supposed  to  have  come.  On  other  hand,  Duke  of  Argyll  is 
said  to  consider  that  the  granite  of  the  boulder  is  not  the 
same  variety  as  that  of  Ross.  There  are  several  bonlders 
oddly  placed  near  top  of  highest  hill  on  N.W.  side.  (Beporter 
— Allan  M'Donald,  parish  ecboolm aster.) 

Eilbrandon  (Easdale  by  Oban). — On  Lord  Breadalbane's  estate, 
grey  granite  bouldeis  from  21  to  28  feet  in  girth,  and  standing 
from  3  to  4  feet  above  ground.  Longer  axis  generally  N.W. 
Ruts  or  grooves  on  tops  and  sides  of  some,  bearing  N.W. 
These  boulders  sometimes  single,  sometimes  in  groups,  some- 
times piled  on  one  another.  Occur  at  all  levels  from  shore 
up  to  hill  tops.  No  granite  in  titu  nearer  than  Mull,  which 
is  Ifi  or  20  miles  distant  to  N.W.  (magn.)  (Beporter — 
Alexander  M'Millan,  schoolmaster,  Eilbraodon.) 

KilmalUe. — Bonlder,  12  x  10  x  10  feet,  about  100  tons.  There  ia 
another,  said  to  be  larger,  in  the  distant  moors;  also  quartz 
boulder,  about  9  feet  square,  supposed  to  have  come  from  Glen- 
finnan,  about  15  miles  to  N.W.  by  W.  (Reporters — Rev.  Arch. 
Clerk,  and  C.  Livingston,  schoolmaster.) 

Silmore  and  Kilbride  (near  Oban). — Granite  boulder,  12  feet  long ; 
diameter  of  shortest  axis,  6  feet;  longer  axis,  E.  and  W.  A 
few  feet  above  sea  mark.  Adjacent  rocks  conglomerate. 
Another  stone,  about  200  yards  distant,  called  "  Dog  Stone," 
of  which  photograph  sent.  It  is  a  oonglomorate.  (Beporter 
—0.  M'Dougall,  Dunollie,  Oban). 

Liamore  (Island  of]. — Boulders  of  granite,  red  and  grey,  lie  on  the 
limestone  rocks  of  tbe  island.  An  old  sea  terrace  described,  u 
enciicling  the  island,  on  one  part  of  which  a  cave,  front  tbe 
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crevices  of  which  shelle  picked  by  Beporter  (AlexanOet  Oar- 
rnichael,  Esq.,  of  South  TJist,  Lochinadd;,  who  refers  also  to 
the  Sev.  Mr  Mocgrigor,  minister  of  Lismore). 
Saddell  (Eintyre), — Several  small  granite  boulders,  though  there 
are  no  granite  rocts  in  Eintyre.  A  good  many  whinstone 
standing  stones.  (Reporter — Rev.  John  G.  Levach,  lHanHe  of 
Saddell.) 

South  of  Garopbelton,  mauy  granite  boulders,  like  Arrsn 
granite,  one  neoi  Maohariooh,  4x5x2  feet.  (Reporter — Pro- 
fessor Nicol,  Aberdeen.) 

At  Southend,  a  boulder  of  coarse  grey  granite,  about  18  feet 
in  circumference,  and  weighing  more  than  3  tone,  now  broken 
up. 
Another  granite  boulder,  about  12  feet  in  circumference. 
Two  boulders  of  sienite,  each  2  or  3  tons,  about  200  feet 
above  sea. 

No  granite  rocks  in  neighbourhood.  Bocks  chiefly  lime- 
stone and  red  sandstone.  (Reporter — D.  Uontgommerie, 
Southend  parish  school.) 

Atr. 
Coylton.  —  Granite  boulder,  II  x  7J  x  5  feet,  about  30  tons. 
Longer  axis  N.  and  S.  There  are  four  more  bonldera,  about 
4,  8,  and  12  tons.  They  form  a  line  ranning  N.  and  S. 
Legend,  that  King  Coil  dined  on  large  boulder.  (Report«r — 
Rev.  James  Glasgow.) 
DaiUj/. — Granite  boulder  about  36  tons  on  Killochan  Bstate,  called 
"The  Baron's  Stone."  About  100  feet  above  sea.  Lies 
on  Silurian  rocks.  Apparently  derived  from  granite  bills 
situated  S.S.G.,  near  Loch  Doon,  about  13  miles  distant. 
Boulder  proposed  to  be  blown  up  by  tenant  of  farm.  But  old 
inhabitants  interposed,  and  an  inscription  put  on  it  by  pro- 
prietor, Sir  John  Cathcart,  in  these  terms,  "  The  Baron's 
Stone  of  Eillochan."  Granite  boulders  of  various  sirea,  on 
hill  slopes,  south  of  river  Girvan.  One  on  Uazwelton  farm 
800  feet  above  sea,  contains  240  cubic  feet.  Another,  16  feet 
long,  on  top  of  Barony  Hill  above  Lannielane,  mostly  buried 
under  turf.  Level  mark  on  it  by  Ord.  surveyors  of  1047  feet 
above  sea.  - 
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Doont  Loch. — Two  milee  south  of, — a  granite  bouldet,  about 
25  X  20  X  12  feet,  called    '  Kirk  Stane."    (Seen  by  Conveoer.) 

Oirvan. — Tbousands  of  grauite  boulders  for  miles  along  shore  near 
TurnheTry  Point,  and  eome  whinstones.  Bocke  mi  (Au  sand- 
atone.  (Reporter — SuperintendeDt  of  Tumberrj  Lighthouse 
works.) 

Along  coast  4  miles  south,  in  a  ravine,  two  boulders  of 
altered  Greywacke.  Largest,  17  x  13  feet,  and  weighs  180 
tons.  Other  weighs  about  100  tons.  Have  probably  come 
from  hills  to  S.  or  S.E. 

Mai/bole. — Qranitft  boulder,  flat  and  ohlong,  on  slope  of  hill  above 
river  Doon,  ou  Auohindrane,  at  height  of  230  feet,  known  as 
Wallace's  Stone,  from  tradition,  that  a  mde  cross  carved  on  it 
represents  the  sword  of  that  hero.  (These  cases  from  Dailly, 
G-irvan,  and  Maybole,  communioated  by  Professor  Geikie). 

Banffbhieb, 

Banff. — In  district  between  Banff  and  Peterhead,  beds  of  glacial 
clay,  of  a  dark  blue  colour,  ve(y  similar  to  beds  in  Caithness, 
and  probably  drifted  from  Caithness.  Near  Peterhead,  many 
boulders  of  granite  and  trap.  One  of  these,  4i  x  2i  x  1  feet, 
a  fine  grained  tough  trap,  of  a  greenish  colour,  not  known 
in  silti  in  Aberdeenshire,  but  occurs  in  Caithness.  (Jamieson, 
"Geol.  Soc.  Jour.,"  xiii.  p.  272.) 

Boyndie. — Hyperstbene  boulders  along  shore,  and  found  for  some 
miles  running  S.W.  Supposed  to  have  come  from  rook  to 
S.E.,  called  "Boyndie  Heathens."  (Reporter— James  Hunter, 
Academy,  Banff.) 

FoTilyee. — A  line  of  boulders  can  be  traced  runoing  through 
parishes  of  Ordiquhill,  Hamooh,  G-range,  Bothiemay,  and 
Caimey,  in  a  direction  S.  and  N.  The  boulders  ore  a 
blue  whinatone.  In  Ordiquhill  parish,  boulders,  eo  close  as 
to  almost  touch.  Tiiey  are  called  "  Heathens."  500  feet 
above  sea.    (Reporter — Parish  minister.) 

Caithness. 
Dunntt. — Conglomerate  boulder  of  small   size,  apparently  from 
"  Maiden  Pap"  Hill,  thirty  miles  to  south.    Several  large 
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boulders  in  patiBhea  of  Olrioh  and  Cannesby.    (Reporter — 
Bobt.  Campbell,  pariah  achoolmaater.) 

Thurso. — Near  Castletown,  large  granite  boulder,  which  Buppoaed 
to  have  come  from  Satharland.*  Between  Weydale  and  Stone- 
gnn,  several  large  conglomerate  boulders. 

Wick. — Three  large  bouldera,  differing  from  adjoining  rocks, 
weighing  from  20  to  60  tons.  One  is  a  conglomerate, 
apparently  from  mountains  twenty  miles  to  Bonth-f  (Reporters 
— John  Cleghom  and  J.  Andenon.) 

Granite  boulder,  12  feet  long,  in  drift,  striated.  Frag- 
ments of  lias,  oolite,  and  chalk  flints,  in  same  drift.  Striations 
of  rocks  and  boulders  in  Caithness  indicate  a  general  move- 
ment fsom  N.W.,  i.e.,  from  sea. 

Dumfries. 

Kirkconnell. — Oranite  boulder,  about  9  feet  diameter,  20  to  30 
tons;  700  feet  above  sea,  called  "Deil's  Stone."  Differs 
from  adjoining  rocks.  Granite  rocks  in  Spango  Water, 
about  three  miles  to  north.  (Reporter — R.  Ji.  Jack  (Oeolog. 
Survey).) 

Tynron. — Three  wbinstone  boulders,  each  weighing  from  20  to  30 
tons;  also  several  conglomerate  boulders.  All  have  appa- 
rently come  from  N.W.  (Reporter — James  Sbaw,  school- 
master, Tynron,  Thornhill.) 

Wamphrat/. — Large  wbinstone  boulder.  King  Charles  II.  halted 
with  his  army  and  breakfasted  here.  (Reporter — Parish 
minister.) 

EDINBUaflH. 

Arthur  Seat. — On  west  side  of,  bonldere  «f  limestone,  snpposed  to 
have  come  from  west.  Rocks  at  height  of  400  feet  above  sea, 
smoothed  and  striated  in  direction  N.W. 

Between  Arthur  Seat  and  Uusaelburgh,  boulders  smoothed 
and  striated.  Striae  run  from  N.W.  and  W.N.W.  (Roy.  Soc. 
of  Ed.  Proceedings,  vol.  ii.  p.  96.) 

*  Itev,  Ht  Joeim,  of  QaUpi«,  states  that  gnuiite  ocenrs  at  a  leas  rscDote 

t  Bev.  Mr  Joasa  states  that  conglomerate  rock  ocean  to  the  westward  al  t 
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Pentland  Hills.— 1.  Mica-slate  boulder  of  8  at  10  toDB.  Supposed 
by  Mr  Maclareo  to  liave  come  from  Grampians,  50  miles  to  N., 
or  from  Cantyre,  80  miles  to  W.,  about  1400  feet  above  ha. 
2.  GreeDstoue  boulder,  12  or  14  toua.  Nearest  greenatone 
look  in  »itu,  500  or  600  feet  lower  in  level  to  N.W.  3.  Sand- 
stone bonlder,  about  8  tons,  differing  from  adjacent  locka. 
(The  above  mentioned  in  Macloren's  "  Fife  and  LothiaDS,"  p. 
3O0.)  4.  Greenstone  boulder,  abont  10  tona,  near  Dreghom. 
(Fleming's  "  Litbology  of  Edinbui^h,"  p.  82.) 

Wat  CoWer.— Whinstone  boulder,  8x7x7  feet,  about  28  tons. 
Adjoining  rocks  are  sandstone.  (Beporter— S.  B.  Landells, 
teacher.) 

EbGIH. 

Delias. — Numbers  of  small  granite  boulders  found  here,  which 
supposed  to  have  come  from  Koss-shire. 

Dvffiia. — On  Roseile  Estate,  conglomerate  bonlder  called,  "  Hare,  or 
Witch's  Stone,"  21  ><  14  x  4  feet,  longer  axis  N.W.  Fann 
named  "  Eeam,"  from  being  situated  on  a  sandy  ridge. 

Elgin. — 1.  Conglomerate  boulder  on  Bogton  faim,  4  miles  south  of 
Elgin,  15  X  10  X  8  feet,  about  80  tons.  Longer  axis  is  E.N.E., 
called  "Carlin's  Stone."  Also  a  smaller  one,  called  the 
"  Young  Carlin,"  to  N.W.  about  half  a  mile.  2.  Conglome- 
rate bonlder,  4x4x3  feet,  abont  3  tons.  3.  Gneiss  boulder, 
13x8x6  feet,  about  46  tons,  called  "Chapel  Stone." 
Situated  west  of  Fiuacardine  Chapel.  4.  Sienite  boulder, 
.  12  X  8  X  3  feet,  about  13  tons.  5.  Sienite  bonlder,  8x6x2 
feet,  about  7  tons.  The  rocks  in  nfu  are  all  Old  Bed  Sandstone. 
On  Carden  Hill,  rocka  smoothed  and  striated; — the  direction 
of  Btriffi  N.W.  (Reporter — John  Martin,  South  Guildry  Street, 
Elgin.) 

Farm. — Conglomerate  boulder,  9J  x  8  x  8  feet,  about  44  tons, 
called  "  Doupping  Stone."    (Beporter — John  M&rtin.) 

Llanbryde,  St  Andrew*. — Gneiss  boulder,  15  x  9  x  7  feet,  about  70 
tons,  in  bed  of  old  Spynie  Loch,  called  "  Grey  Stone ; "  longer 
axis  is  N.N.E.  and  S.S.W.     (Beporter— John  Martui.) 

Ifew  Spynie. — Four  conglomerate  boulders,  lying  on  Old  Red 
Sandstone  rocks.    (Beporter — Jolm  Martin.) 
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Bothet. — Six  hornbleode  boulders,  lying  ou  gneiss  rocks ;  dimen- 
eions  and  positions  given.    (BepOTter — John  Martin.) 

FlTB. 

Balmerino. — Hica  schist  (?)  boolder,  12)'9x8  feet;  destroyed 
some  time  ^o.  (Beporter — James  Fowrie,  Esq.,  Reewallie, 
Forfar.) 

CraU. — Granite  boulder,  10  x  8  x  6  feet,  called  "  Blue  Stone  o' 
Balcomie,"  close  to  sea  margin  at  East  Neuk.  Also  trap 
boulder,  12  x  8  »  7i  feet.    (Keportei^Csptain  White,  B.E.) 

Dw^ermline. — ^Whinatone  boulder,  17  x  15  x  6  feet,  about  114  tons, 
called  "  Witch  Stone."  Legend.  (Reporter — Robert  Bell, 
Pitconochie.) 

Leilie. — Eaim  of  sand  and  gravel  near  vill^e,  100  to  800  feet 
wide,  and  20  feet  high,  cut  through  by  a  brook.  (Reporter — 
John  Sang,  C.E.,  Kirkcaldy.) 

Newbitrgh. — On  shore,  near  Elisk  point,  boulder  of  sienitic  gneiss, 
about  15  tons.  Legend  is,  that  a  giant  who  lived  in  Perth- 
shire hills  flung  it  at  Flisk  church.  (Dr  Fleming,  "  Lilhology 
of  Edinburgh,"  p.  83.) 

West  Lomond. — Hill  about  14fiO  feet  above  sea,  boulder  of  red 
sandstone  and  porphyry  lying  on  carboniferous  limestone. 
(John  Sang,  C.E.,  Kirkcaldy.) 

FOBIAB. 

Airlie. — ^A  remarkable  kaim  running  two  miles  eastward  from 
Airlie  Castle.    (Reporter— Daniel  Taylor,  schoolmaster.) 

liarry. — Granite,  aienite,  and  gneiss  boulders  and  pebbles,  on  shore, 
and  also  on  raised  beaches,  11  and  45  feet  respectively  above 
sea  level.    (Reporter — James  Proctor.) 

Berikolm. — Huge  granite  boulder,  called  "  Stone  of  Benholm,"  now 
destroyed.  Boulders  on  sea  shore,  of  granite  and  gneiss,  many 
of  which  are  supposed  to  have  come  out  of  the  conglomerate 
rocks,  which  occur  here  in  titu.  One  boulder  18x12x3  feet, 
another  12x6x4  feet.  "Stone  of  BeDholm," stood  on  apex 
of  a  Trap  knoll.  The  Trap  knoll  presents  a  surface  of  rook, 
which  has  apparently  been  ground  down  and  smoothed  by 
some  agent  paasing  over  it  from  west ;  the  exact  line  of  move- 
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mentseemH  10°  to  20°  Bonth  of  weBt(m4gD.)  In  this  Trap 
knoll  there  ue  agate  pebbles,  vbich  have  been  moetly  all 
flattened  on  vest  aide,  and  been  left  ateep  and  toagh  on  east 
Hides.  Small  bills  which  range  in  a  direction  north  and  eouth 
%re  Bcalloped,  as  if  some  porerfnl  agent  passing  over  tbem 
from  westward  bad  scooped  out  the  softer  parts.  -  Hills  rang- 
ing east  and  west,  form  a  ridge  with  a  tolerably  level  surface. 
Gonrdon  Hill  and  Craig  Darie  show  marks  of  great  abrasion. 
(Reporter — Bev.  Ur  Smart  Myers,  parish  minister.) 

Carmyltie. — Granite  or  gneiss  bonlder,  from  7  to  10  tons.  Differs 
from  rocks  near  it.  It  lies  on  a  height.  Galled  "  The  Gold 
Stone  of  the  Grofts."  Supposed  to  have  come  from  hills  thirty 
miles  to  north.    (Reporter — Bev.  George  AndeiBon.) 

C'>rfa(Ay.—Whinstone<?)  boulder,  13x10x8  feet,  about  78  tone 
Longer  axis  E.  and  W.  Supposed  to  bare  come  from  a  trap 
dyke  situated  to  N.W.  Legend,  that  thrown  from  N.W 
(Reporter — Rev.  Grea  Gordon  Uilne.) 

Mr  Powrie  of  Beswallie  reports  a  mica  schist  bonlder  as 
situated  in  South  Esk  river,  about  60  or  80- yards  below  bridge, 
and  within  Earl  of  Airlie'e  park.  Parent  rock  supposed  to  be 
2  or  3  miles  to  N.W.  This  bonlder  probably  same  as  that 
mentioned  by  Bev.  Mr  Milne. 

^ameU.— Boulder  9^x7^x2^  feet,  about  12  tons.  Supposed  to 
have  come  from  N.W.  about  thirty  miles.  (Reporter — Rev. 
A.  0.  Hood,  parish  minister.) 

Inverarit]/, — Two  grey  granite  boulders,  from  2  to  S  tons  each ; 
destroyed  wme  time  ago.  (Reporter — Rev.  Patrick  Steven- 
son.) 

Sirkden. — Kaims,  440  paces  long,  running  E.  and  W. ;  slope  on 
each  side  from  22  to  80  paces;  composed  of  gravel  and  sand. 
(Reporter — Bev.  James  Anderson.) 

Kirriemuir,. — A  number  of  granite  boulders  in  centra  of  parish, 
both  grey  and  red.  They  lie  obiefly  between  StronehiU  and 
Graigleahill.    Supposed  to  have  come  from  Aberdeenshire. 

Two  kaims  on  Airlie  Estate,  one  100  yards  long  and  30  feet 
high,  N.W.  and  S.B.  on  Upper  Clintlaw  Farm;  other  on  Mid 
Scithie  Farm,  about  200  yards  long  and  30  feet  high.  At 
south  base  of   Criecbbill,    a    group    of   kaims,  apparently 
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caused  b;  confluence  of  gieat  streame  from  N.B.  and  N.W. 
glens. 

Old  Bed  Sandstone  rocka  in  S.  of  parish.  Igneous  rock 
tovards  N.  at  Graigieloch. 

Slate  rocks  in  Lintratfaan  and  Eingoldmm.  (Reporter — 
David  Lindsay,  Lintrathan,  by  Eimemnir.) 

Uff.—l.  Mica  schist  boulder,  8x6x4  feet,  called  "Paddock 
Stone."  Legend.  Longer  axis,  N.  and  S.  One  report  bears 
that  it  is  whinstone,  and  may  have  come  from  Pitroddie 
Quarry,  fourteen  miles  nest.  2.  Two  bonldera  of  mica  schist, 
each  8  or  10  tons,  called  "Gowe  of  Gowrie,"  noticed  by 
Thomas  the  Bhynier.  3.  A  Dniidical  circle  of  nine  large 
stones — three  mica  schist,  one  granite,  five  whinstone.  Central 
stone,  longer  axis  N.  and  S.  (Reporters  — James  Fowrie, 
Esq.,  Reswallie,  Forfar;  P.  Anthony  Anton,  St  Begulua 
Cottage,  St  Andrews.) 

JfmmuM-. — 1.  Granite  houlder,  11x9x4  feet,  about  36  tons. 
Longer  axis  N.  and  W.  Striated.  Called  the  "Witch 
Stone."  2.  Granite  bonlder,  13x9x4  feet,  abont  34  tons. 
There  are  many  others  smaller.  (Beporter — Eev.  Kark 
Anderson,  Menmuir,  Brechin.) 

Montrou. — On  Oarvock  and  other  hills,  strice  on  rocks  point 
W.  by  N.,  i.e.,  obliquely  across  the  hills,  which  range  WrS.W. 
and  KN.E. 

On  Snnnyside  Hill,  pieces  of  red  sbale  found,  derived  from 
rocks  in  tiln  many  miles  to  N.W.  at  a  locality  100  feet  lowest 
level. 

Large  hlooks  of  gneiss,  several  tons  in  weight,  occur,  whicb 
mnat  havo  come  from  Qrampians,  many  miles  farther  to  nest. 
(James  Howden,  "Edin.  Qeol.  Soo.  Trans."  vol.  i.  p.  140.)] 

iteteo^.— Mica  alato  boulder,  13x7x7  feet,  near  top  of  Pite- 
candly  Hill,  lying  on  drift.  Bocks  in  nlu  Old  Bed  Sandstone. 
Sir  Charles  Lyell  says  it  came  from  Creigh  HUl,  abont  seventeen 
miles  to  W.N.W.  Longer  axis  N.  by  E.  650  feet  above  sea. 
Valley  of  Strathmore  lies  between  boulder  and  parent  rock,  and 
there  are  several  hills  also  between  boulder  and  parent  rock, 
higher  than  bonlder.  Many  smaller  boulders  of  old  rocks  on 
same  hilL    (Beporter — James  Powne,  Esq.,  Beswallie,  Fotfar). 
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8t  Vigeatu. — Gneiea  boulder,  now  destroyed.  Sapposed  to  have 
come  fn>m  monnUiDB  situated  to-N.W.  If  bo,  it  had  to  croee 
TRileyi  and  ridges  of  hills.  EaiiDS  in  pariah  fnll  of  granite 
and  gneiss  bonldera.  (Beportei — Bev.William  Duke,  mioieter.) 

Batvat. — On  Estate  of  3ir  Jamee  Uatheion,  a  monolith,  called 
OSaoh  an  Trenda^,  oi  "  Gathering  Stone."  Height  above 
ground,  IS  feet  9  inches,  and  girth  16  feet.  (Reporter — 
BeT.  James  Stiacban.) 

Barrit. — ^A.  large  boulder  on  a  tidal  island,  broken  into  two  frag- 
ments, 100  feet  apart.    (Reporter — Alex.  Carmicfaael.) 

Nor&  I7i(t.— On  a  amall  island  called  Cioenm,  north  of  Loch- 
madd;  Bay,  there  are  two  bonlderg  of  Lanteutian  gneiss, 
which,  though  100  feet  apart,  are  evidently  the  two  fragments 
of  one  block.  The  rocks  tn  ntit  are  also  gneiss ;  bnt  there  is 
no  hill  or  oliff  near,  from  which  the  block  oonld  have  fallen  or 
come.  One  honlder  weighs  abont  15,  the  other  about  50  tons. 
They  ate  both  on  the  sea-beaoh,  with  a  ridge  or  isthmne  of 
rook  between  them.  The  boulders  have  each  a  side — in  the 
one  concave,  and  in  the  other  convex — which  face  one  another, 
and  oorreapt'nd  exactly  in  shape  and  size.  The  edges  of  these 
two  sides  (viz.,  the  coqtox  and  concave)  are  sharp,  whereas 
the  other  sides  in  both  boulders  are  rounded,  suggesting  that 
the  original  block  had  undergone  much  weathering  or  other 
wearing  action  before  being  fractured.  The  larger  boulder 
rests  fantastically  and  iasecnrely  on  two  smaller  blocks. 
Beporter  thinks  the  bonlder  brought  by  ice,  and  that  it  fell 
from  a  height,  and  was  split  by  the  fall. 

In  Long  Island  the  hills  even  to  the  eammits  are  oovered 
with  blocks  and  boulders.  As  a  nile  the  edges  of  these  are 
sharp,  whereas  the'native  rock,  whether  low  down  or  high  up, 
is  glaciated,  grooved,  and  striated  to  a  very  remarkable  degree. 
The  beet  plaoes  to  see  these  marks  are  where  drift,  covering 
them,  has  been  recently  removed.  They  are  obliterated  in  the 
rooks,  which  have  b^en  much  weathered.  (Bepoiter — Alex. 
Garmichael,  Esq,,  South  Uist,  by  Lochmaddy.) 
The  ieiw,— (Q.  8.  Parish  of  Bernera.    On  farm  of  Bhisgarry,  be 
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longing  to  Lord  Dunmore.)  Gneiee  boulder,  Sj  x  7  x  3  feet. 
Longer  azii  N.  and  S.  30  feet  above  aea.  Striated  N.  and  S. 
Striffi  from  2  to  4  feet  long.  Same  rook  ae  those  in  m'fu. 
Oalled  "  Oraig  nan  Bamh."  (Beporler — Bev.  Hngb  Macdonald, 
Manae,  Bern  era.) 

The  Lewit  (Storaowft;,  Tolsta). — A  rocking  stone  of  gneisa 
12  X  5  X  4^  feet.  Longer  azis  N.W.  and  S.E.  About  200  feet 
above  eea.  Bocks  in  «i<w  also  gneiss.  There  are  boulders 
of  trap,  apparently  brought  from  eastvard,  where  there  are 
trap  dykes.  At  a  comer  of  a  rocky  hill  near  Tolsta,. there  are 
huge  pieces  of  rock  lying,  suggesting  idea  of  having  been 
broken  off  by  an  iceberg,  On  Park  Farm,  beside  a  loch,  there 
is  a  solitary  bonlder.  Near  SEomoway  Tile  Works,  a  bonlder 
of  Cambrian  rock,  supposed  to  have  come  from  mainland  to 
eastward.    (Seporter — Mr  Peter  Liddell,  Gregs,  by  Stornoway.) 

Slornoway. — Several  bonldera  occnr  near  Gorabast,  of  a  rock  similar 
to  that  which  exists  at  Gairloch,  on  mainland  to  east  (about 
3S  mUes  across  the  sea).  There  is  also  a  large  standing  stone 
at  Faible.    (Beporter — Henry  Gaunter,  Esq.,  Stornoway.) 

In  Forest  of  Harris,  and  beween  Fincastle  and  Glen  Ulledale, 
there  are  many  evidences  of  (supposed)  ice  action,  viz.,  rocks 
smoothed  and  striated,  and  boulders  lyingin  lines.  (Reporter — 
Capt.  Tbomaa,  B.N.) 

Report  hy  Mr  Campbell  of  Islay. 

The  well-known  author  of  "  Frost  and  Fire,"  who  has  studied  the 
subject  of  the  transport  of  boulders,  not  only  in  Scotland,  hut 
in  many  foreign  lands  on  both  eides  of  the  Atlantic,  has  sent 
to  the  Committee  a  report,  from  which  the  following  extracts 
are  made  :— 

"I  find  in  Scotland,  upon  ridges  which  separate  rivers, 
marks  of  glaoiation  upon  a  Urge  scale.  These  enable  me  to 
say,  with  tolerable  certainty,  that  the  ice  which  grooved  rocks 
in  the  Outer  Hebrides,  at  low  levels,  near  sounds,  moved  from 
tbs  ocean  in  the  direction  which  tides  now  follow  in  the  straits 
bende  which  the  etrin  are  found. 

"  The  conclusion  at  which  I  have  arrived,  by  the  examina- 
tion of  all  these  phenomena,  boulders  included,  is,  that  a 
system  of  glaciations  prevailed  in  Scotland,  which  can  be  ex- 
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plained  by  the  Hystem  now  exieting  in  Greenland.  There,  a 
vast  Bjstem  of  Continental  ice,  as  great  in  area  as  all  India, 
radiates  seawards,  and  launches  icebergs,  which  move  abont 
in  tides  and  currents.  This  Bystdm  certainly  existed  in  Scot- 
land previous  to  the  smaller  systein. 

"Following  any  glen  in  Scotland,  aay  Crlenfyne,  the  smaller 
system  of  glaciation  follows  the  course  of  the  river  (as  in 
Switzerland),  and  the  course  of  the  tides  in  the  sea  loch  (as 
glaciers  do  in  Greenland) ;  and,  fnithermore,  often  oreirDns 
low  watersheds,  and  runs  out  to  sea  in  some  direct  liaa.  The 
striiB  which  mark  the  run  of  ice  from  the  head  of  Glenfyne  to 
Lochgilphead,  run  over  a  col  and  down  Loch  Eillisport.  They 
run  past  Tarbert,  Sown  both  sides  of  Ceantyre  and  Arran,  and 
out  to  sea.  At  Ormsary,  by  the  roadside,  and  on  the  sea-beach, 
is  a  train  of  large  boulders  to  which  the  usual  legends  are 
attached.  One  was  thrown  from  Enapdale  at  a  giant  who  was 
eating  a  cow  on  the  other  side  of  the  loch.  One  of  these 
boulders  close  to  Ormsary  House,  at  a  small  roadside  cottage, 
is  the  biggest  I  have  seen  in  Scotland.  I  did  not  try  to 
ascertain  whence  it  came.  I  think  it  was  pushed  a  short  dis- 
tance only.  But  the  strise  and  trains  of  blocks  show  that  it 
moved  from  N.£,  to  S.W.  along  the  general  line  of  hollows  in 
the  Western  Highlands. 

"  On  the  outer  islands  in  Scotland  are  marks  equivalunt 
to  those  BO  conspicuous  on  shore.  In  the  Long  Island;  from 
Borra  Head  to  the  Butt  of  Lewis,  the  whole  country  glaciated, 
and  the  boulders  everywhere  perched  upon  the  hills.  Where 
surface  newly  exposed,  the  striations  and  smooth  polishing  so 
perfect  and  fresh,  that  marks  can  be  copied  as  brattet  are  copied 
in  churches  by  antiquaries.  I  showed  to  you  samples  taken 
last  year  in  Barrs  and  Uist.  I  have  a  luge  series  taken 
wherever  I  have  wandered.  These  enable  me  to  say,  with 
tolerable  certainty,  that  the  ice  which  grooved  rocks  in  Outer 
Hebrides  at  low  levels,  near  sounds,  moved  from  the  ocean  in 
tlie  direction  which  tides  now  follow  in  the  struts,  beside 
which  the  strire  Eire  found.  For  example,  the  grooves  upon  the 
flat  nt  lochdar,  at  the  north  end  of  South  TJist,  aim  directly 
at  the  Cucbullin  Hills  iu  Skye.    At  the  MuU  of  Ceantyro,  at  a 
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great  height  above  the  bea,  grooveB  aim  at  Khiuna  of  lalay 
parallel  to  the  mn  of  the  tides.  And  bo  it  is  at  a  great  many 
other  places  all  round  the  coast." 

In  a  letter  from  the  same  gentleman  to  Mr  Garmichael,  of 
South  TTiat,  dated  29th  March  1872,  the  following  passages 
oconr:— 

"  Glacial  strife  occur  upon  fixed  rocks  in  Tiree,  Kioglay, 
Sana,  South  and  North  TTist.  They  correspond  with  a  direc- 
tion from  the  N.W.,  or  thereabouts. 

"The  strife  abound,  and  are  especially  fresh  in  the  low 
levels,  and  opposite  to  hollows  in  hills,  which  would  be  uudei 
water,  and  traversed  by  tides,  if  those  levels  were  now  to  sink 
a  few  hundred  feet.  Tbe  hills,  so  far  as  I  have  examined 
them,  are  ice-worn  to  tbe  very  top.  Transported  blocks  are 
scattered  all  over  these  islands.  In  some  places  regular 
boulder-clay  is  left  in  patches.  Under  the  clay,  tbe  rocka  are 
smooth  as  polished  marble.  The  boulders,  so  far  as  I  have 
been  able  to  ascertain,  are  of  the  same  rock  as  the  rock  of  the 
islands  named.  Boulders  in  Tiree,  for  example,  may  have 
come  from  Utat  or  Barra.  They  are  perched  upon  the  highest 
hiU-top  in  Tiree. 

"  I  was  unable  to  find  any  sample  of  the  tooka  of  Skye  in 
Uist  or  in  Tiree." 

Ihvi&nibs. 

SUmaUie. — Boulder,  fully  2000  feet  above  sea,  on  summit  of  a 

hill,  12  X  10  feet.    Another  still  larger  among  the  mountains 

between  Loch  Sbiel  and  Loch  Arkaig.     Also  bonlder  drifts 

and  moraines  in  numbera.    (Reporter — Bev.  Archibald  Clerk, 

Eilmallie  Hanse.) 

KHmatlie  (near  Ardgour). — Quartz    and    mica  boulders,  nearly 

round,  and  remarkable  on  bare  hill  side.    Oifi'erent  from 

adjacent  rocks.     110  feet  above  sea.    Same  kind  does  not 

occur  nearer  than  (^leuflnnan,  situated  fifteen  miles  to  N.W. 

by  W.    (Beporter — C.  Livingston,  parochial  schoolmaster.) 

Kitmonivaig  (Glengarry,  N.W.  of  Fort  William),  Estate  of  Edward 

Ellice,  M.P. — Boulder  on  Monerrigie  Farm,  near  Lochgarry, 

about  16^  feet  long  at  base,  and  23  feet  at  top,  and  about  9 

feet  high.   Bound  at  top.  Quart zite  rock.  No  rock  in  nfu  near. 

DiqitlzscbyGOOqlC 


738  Proceedings  of  the  Boyal  Society 

Longer  axis  N.  and  8.  Several  bonlden  on  Leek  Farm,  near 
Loch  Lnndie,  aonBiderabl;  larger.  Some  of  boulders  examined 
by  Uf  Jolly,  scbool  inspector,  InvemesB,  and  found  by  him 
to  be  Btriated.  On  Faicheam  Ard  Farm  boulders  very  peculiar, 
being  entirely  different  from  aU  looki  in  neighboorbood. 
Have  been  objects  of  curiosity  to  many  geologists.  The 
bouldere  generally  arranged  in  groups,  except  at  Faicheam  Ard, 
where  piled  on  one  another.  They  rest  on  gravel.  At  Leek, 
near  Iron  Suspension  Bridge,  rooks  in  mlH  well  striated. 

There  are  "  kaims"  in  another  part  of  parish.  At  month  of 
Glengarry  a  delta  of  fine  gravel.  In  Loobaber  also,  along 
banks  of  Spean  aud  Lochy.  (Reporter — Paioobial  SohooV 
master.) 

KiltarUty  (on  Lord  Lovat's  lands). — A  group  of  bonldets  called 
whinstones.  Bock  of  samq  kind  "  a  little  eouthwaids." 
Dimensiona  of  two  laigest  are  (1.)  15  feet  long,  9  feet  high, 
10  feet  broad;  (2.)  8  feet  long,  6i  feet  high,  13  feet  broad. 
Longer  axis  of  both  E.  St  W.  Angular  in  shape.  Several 
natural  ruts  on  both  4  or  5  feet  loug,  running  N.W.  About 
300  feet  above  sea.  (Schoolmaster's  sobednle,  but  omitted  to 
be  signed.) 

Singairlodi  (near  Fort  William).— Boulder,  6x5x4  feet,  about  5 
tons ;  8  feet  above  aea.  Different  from  adjacent  rocks,  (fie- 
porter — D.  Cameron,  teacher.) 

KingtmU. — Boulder  of  a  slaty  rook,  15}  k  12  x  9,  about  120  tons. 
Longer  axis,  E.  &  W.  Galled  "Fingal's  Putting  Stone." 
About  900  feet  above  sea.  Several  other  large  bouMers  near 
Laggan  Free  Church.  (Beportet — Cluny  M'Phenon,  Gluny 
Castle,  Kingussie.) 

Lochaber. — Kear  summit  of  Craig  Dhu,  between  Glens  Spean  and 
Roy,  a  black  sienite  boulder,  14  k  8  x  4  feet  On  samA  hill 
lower  down,  boulders  of  red  granite  and  felspar.  (Observed 
by  Professor  Niool  and  Ur  Jamieson  of  £llon.  lit  Jamieson 
states  that  parent  rook  is  in  Glen  Spean,  to  S.K  of  Craig 
Dhn,  and  at  a  level  far  below  boulders.)  ("  Lend.  Geol.  Soc 
Journal,"  Aug.  1862  and  Aug.  1663.) 

On  second  Glenroy  shelf,  near  the  ''  Gap,"  »  boulder  of 
sienite,  8  x  7  k  4  feet.    (Beporter — Professor  NicoL) 
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Morv&n  {near  Fort  WiiliMn).  —  Grey  gnnite  boulder,  called 
"  Clocb  na'm  Buachailleao."  Length — North  side,  IT  yards ; 
south  aide,  7^  yards ;  17  yards  "  round  about ; "  13  yaida 
"  round  top  from  ground  to  ground ; "  11}  yards  "  across  middle 
from  ground  to  ground."  A  large  boulder  to  east  of  above  on 
a  hill  about  2610  yards  distant,  and  "peculiarly  laid  upon 
other  smaller  stones."  (Schoolmaster's  schedule,  but  omitted 
to  be  signed.) 

Banehory. — On  property  of  John  Micbell,  Esq.  of  Qlessel,  not  far 
from  Glessel  Bailway  Station,  a  boulder  called  the  "Bishop'x 
Btone ; "  ciroumference  H  feet,  height  above  ground  8  feet, 
estimated  to  weigh  70  tons ;  bluish  grauite,  differing  from 
adjoining  granite  rocks.  An  ancient  stone  circle  of  boulders 
about  200  yards  distant.  (Reporter — Sir  James  Burnett  of 
Grathee.) 

The  hill  of  Farre,  situated  two  miles  to  north,  forms  an 
elongated  range,  running  E.  and  W.  Books  on  it  glaciated, 
the  strie  running  about  E.  and  W.,  *'.«.,  nearly  coincident 
with  valley  of  Dee.    (Beporter — Thos.  F.  Jameson,  Ellon.) 

^ettereatm.— No  boulder  now  left  in  parish,  of  any  size.  Long 
bonks  of  gravel  and  sand  occur,  running  parallel  to  one 
another.     (Beporter — A.  0.  Cameron,  parish  schooUnoater.) 

ifaryculter.— Boulder,  fi|  x  6  x  6  feet,  about  14  tons.  Longer  axis 
N.  and  8.  Rock  of  boulder  considered  same  as  rock  situated 
to  eastward,    (iteporter — David  Durword.) 

KiBKonnBKiaHT. 
QaUoway. — A  great  accumulation  of  blocks  at  head  of  Loch  Valley 
at  Loch  Norrooh.  Among  these  ore  blocks  of  the  peculiar 
graphic  granite  of  Iiooh  £noch  to  the  north,  ao  that  these 
blocks  most  have  been  carried  from  Loch  Enoch  southwards 
into  the  basin  of  Loch  Neldriokan,  on  to  the  spur  of  Craignaw 
between  it  and  Loch  Valley,  and  still  onwards  tight  over 
Craiglee  and  its  deep  scooped  lake  basins  into  Glen  Troot. 
Cralglee  is  remarkable  for  the  number  of  perched  blocks,  some 
of  immense  size,  scattered  over  its  ridges  and  highest  peaks. 
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The  many  bouldera  along  its  lidgy  crest  give  the  appeaiaoce 
of  an  old  broken -toothed  Baw. 

Throughout  the  whole  region  travelled  blocks  and  bonldeie 
occur,  even  to  the  summit  of  the  UenJck,  the  highest  peak 
south  of  the  GrampiauB  (2761  feet).  One  set  of  perched 
blocks  is  interesting,  viz.,  poised  blocks,  known  as  Rocking 
Stones.  Such  blocks  are  natural,  and  have  been  placed  by  no 
human  hands.  Their  exquisite  balance  is  the  lesnlt  of  the 
vreathering  of  the  block  and  of  the  rook  below,  caused  by  wind 
and  at^nn. 

There  are  well-marked  striated  rock  surfaces  more  than  1600 
feet  above  the  sea-level. 

Various  moraines  described,  aa  stretching  across  valleys  like 
ramparts,  and  forming  dams  to  existing  lakes.  (William 
Jolly  in  "  Edin.  Geol.  Soo.  Trans."  i.  155.) 

EelU. — On  Croigenbay  farm,  a  grey  whinstone  boulder,  about  10 
feet  high  and  17  feet  long,  with  girth  of  54  feet;  800  feet 
above  sea.  Longer  axis  N.  and  S.  (Reporter — Bobert 
Wallace,  AucheDbrack,  Tynron.) 

Rirkl>ean.~Omj  Granite  boulder,  16x9|x7i  feet,  and  girth 
about  88  feet,  weighing  about  80  tons.  On  sea  shore  at 
Arbigland.  Longer  axis,  S.E.  h;  £.  Superficial  groovings 
on  top  and  S.W.  front  running  N.N.W.  Bests  on  free- 
stone. 

Crifiel  is  about  3  mUes  to  N.N.W.  Granite  rock  there 
same  as  boulder.  In  ail  the  glens,  between  sea  shore  and 
Criffel,  numerous  granite  boulders  generally  in  lines  parallel 
with  glens.  Several  kaims  40  to  50  feet  high,  run  from  ^to 
\  mile.  (Beporter — Rev.  James  Fraser,  Colvend  Klanse,  by 
Dalbeattie). 

Penntng^me.— Granite  boulders  chiefly,  snppowd  to  have  come 
from  Minnigaff  Hills,  situated  to  N.E.  Larger  boulders  on 
watersheds  between  Lochs  Dee  and  Troul.  (Reporters — ^Bev. 
William  M'Lean,  parish  minister,  and  Rev,  George  Wilson, 
F.O.  minister.) 

TwyiihoUn. — Granite  boulder,  supposed  to  have  oome  from  Gallo- 
way Hills,  six  or  seven  miles  to  westward.  Several  Dmidical 
circles.  (Reporter — Rev.  John  Uilligan,  Hanse  of  Twjnholm.) 
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Lanask. 

Carluke. — SatidatoDe  boulder,  20  x  14  >:  14  ftset,  about  290  tons. 
Called  "Sameon'a  SIJDg  Stone."  Doubtful  if  au  erratic. 
(Reporter— D.  R.  E.J 

Carweath, — Whinstone  bouldere  in  large  beapa.  Supposed  to  have 
come  from  "  Yelpin  Craiga,"  three  or  four  milee  to  north. 
Legend  about  Michael  Suott  aud  vitchea.  (Reporter — Re?. 
Mr  M'Lean.) 

Kaibn. 

Auideam. — A  great  many  boaldera  in  this  pariah,  of  old  rocks,  and 
lying  chiefly  on  Old  Red  Sandatone  rocka.  Chiefly  conglome- 
rates, and  apparently  derived  from  same  kind  of  rock,  cha- 
racterised by  pebbles  in  it  of  angular  quartz  or  horaatone, 
liver  coloured.  These  boulders  alt  lie  on  sides  of  billa  facing 
N.W.,  and  they  have  generally  one  of  their  sides  smooth 
which  fronts  the  west.  (Reporter— James  Eennie,  school- 
master.) 

Ardclach. — At  Boemore  Burn,  about  270  feet  above  sea,  and  5 
miles  diatont  from  sea,  a  conglomerate  boulder  with  five  sides, 
measuring  altogether  about  17  yards,  and  3  yards  above 
ground.  Surrounded  by  hUle  of  no  great  height;  but  lowest 
of  these  is  to  N.W.  Fragments  in  conglomerate  of  quartE, 
homatone,  aienite,  felspar,  and  other  very  hard  rocks.  The 
block  is  scarcely  rounded  at  its  edges  and  comers.  (Reporter 
— Dr  Gregor,  Nairn.) 

Catnlvr. — On  hill  of  Urquenay,  the  following  boulders — 1.  At  top 
of  hill,  about  G90  feet  above  sea,  conglomerate  called  "  Clack 
na  OiUean,"  or  "  Young  man'a  stone,"  in  girth  about  54  feet, 
and  height  10  feet.  It  rests  on  bare  granite  rock.  2.  Half- 
way down  hill,  about  580  feet  above  sea,  conglomerato  called 
"  Clack  na  Cailleaeh,"  or  "  Old  wife'*  tUme,"  in  girth  about  54 
feet  and  height  16  feet.  It  seems  to  rest  on  drift  gravel. 
3.  At  foot  of  hill,  and  at  east  end  of  a  kaim  of  gravel  and 
sand,  about  300  feet  above  sea,  conglomerate  called  "  ClcuA  an 
ogbuA,"  or  "  Boy's  ttone,"  in  girth  about  69  feet,  and  average 
height  about  9  feet. 
Within  policy  woods  of  Cawdor  Castle,  on  side  of  a  bum 
VOL.  vn.  5  ff 
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facing  W.N.W.,  a  conglomerate  boulder  about  250  feet  above 
sea,  in  girth  about  100  feet,  and  about  12  feet  high. 

The  aboye  four  conglomerate  boulders  lie  on  granite  rocks. 

On  Fiper'a  Hill,  where  rocks  tn  »itu  are  Old  Red  Sandstone, 
a  conglomerate  boulder,  on  the  side  of  a  kaim  facing  N.W., 
weighing  about  10  tons.     Above  sea  about  300  feet. 

No  conglomerate  rock  of  the  same  hard  description  in 
Nairnshire.  On  the  ^aite  rooks  there  lie  boulders  of  sand- 
stone, evidently  transported  fioin  the  north,  where  the  Old  Bed 
Sandstone  only  exists,  iu  the  low  country.  (Beporters — ^W. 
Stables,  Esq.,  commissioner;  and  bis  clerk,  Hi  John  Grant, 
Cawdor  Castle.) 
Orojf. — Conglomerate  boulder,  called  "Tomreacb,"  about  15  feet 
high,  and  girth  of  27  yards.  About  300  or  400  feet  above 
Be*.     Sketch  sent.     (Reporter— Captain  White,  E.E.) 

Obxnit  akd  Shbtlakd. 

Bregtay  (Shetland). — A  number  of  boulders  consisting  of  a  coarse 
white  sandstone  at  various  heights,  viz.,  from  40.  to  360  feet 
above  sea.  They  lie  on  east  side  of  island,  and  are  conjec- 
tured to  have  come  from  Noiw&y.  Largest  boulder,  10  x  7  x  4 
feet  Longer  axis,  N.W.  Distinct  groovings  N.B.  and  S.W. 
(true);  some  of  them  3  inches  deep.  (Reporter — School- 
master?) 

JEday  (Orkney). — Conglomerate  boulder,  12  x  7  x  1^  feet,  about  8 
tons.  Longer  axis  N.E.  Situated  near  top  of  hill,  aboat  250 
feet  above  sea.  Called  "Gtiant  Stone."  Legend,  as  to  it 
being  thrown  from  island  of  Strousay.  No  conglomerate  in 
Eday,  but  there  is  in  Stronsay.  (Beporter — Q.  Hiller,  school- 
master. Cross  and  BumeSH.) 

I'Vith  and  Stennit  (Orkney). — Pebbles  of  white  ireeato&e  on  the 
hills.  No  white  freestone  rock  in  district ;  all  red  sandstone. 
(RepOTtei^— Robert  Scarth.) 

Jloutay  Jgland  (Shetland). — Oa  a  cliff,  200  feet  above  sea,  there 
are  loose  blocks  resting  on  rounded  knolls  and  polished  lock, 
all  pcdished  before  the  burthen  they  now.  bear  was  thrown  upon 
them.  Some  of  the  stones  hang  on  ridges  on  the  rounded 
Mdes  of  the  hill. 
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Lerwiek  (Shetlaud).— At  Lunna,  a  laige  block,  broken  into  two, 
called  tbe  "  Stones  of  Stoffae,"  but  uncertain  whether  emticB. 
(Reporters  —  James  Irvine,  teacher,  and  Robert  Bell,  pro- 
prietor.) 

North  Unal. — Here  ice  action  plain.  The  serpentine  rock  has 
suffered  severely.  Rnts  and  striie  on  it  W.N.W.  A  bill  500 
'  feet  high,  whole  of  up[ier  part  of  which  for  ISO  feet  from  top 
polished.  Striated  stones  and  blocks  also  plentiful.  All  over 
Unst  the  rocks  show  signs  of  abrasion,  and  in  many  places 
deposits  of  drift,  iDoloaing  stones  of  all  sizes,  some  of  wLich 
are  rounded  and  striated. 

In  the  Islaitd  of  Ueaj/,  large  perched  blocks,  some  many 
tons  in  weight,  lie  scattered  about  everywhere. 

Thus  then,  at  both  ends,  and  in  tbe  middle  of  this  group  of 
islands,  traces  of  glacial  action  have  been  found.  (Peach, 
Brit.  Assoc.  Rep.  1861.) 

Sanday  (Orkney). — GneisB  boulder,  7  x  2^  x  6  feet,  about  14  tons. 
Rocks  of  island  are  Old  Red  Sandstone.  At  Stromness,  thirty 
miles  to  S.W.,  gneiss  rocks  occur  m  tilu,  also  in  Shetland 
Islands  to  north.  Legend,  that  thrown  from  Shetland.  (Re- 
porter—G.  HiRer,  schoolmaster,  Cross  and  Bumess.) 

Sumimrgh  Mead  (Shetland). — Conglomerate  boulder,  lying  over 

sandstone.    (Reporter — William  Lawrence,  teacher.) 
WalU  (Orkney).— Lydian  stone  bonlder,  9x7x6  feet,  about  28 
tons.     Large  quantities  of  granite  boulders  scattered  over 
bills;  valleys  show  glacier  and  iceberg  agency.    (Reporter — 
James  Russell,  teacher.) 

FiXBLBS. 

Eirkurd. — Three  boulders  of  gneiss  or^trap  (?)  differing  from  adja- 
centrocks.  (Reporter — James  Falmey,  schoolmaster,  Eirkurd, 
Dolphin  toD.) 
Newtandt. — Remarkable  kaims.     (Reporter — E.  Blacklock,  sehool- 
.  master.) 

Fertb. 
Aberfeidy  (TuUypowrie  village).     1.  On  north  side  of  village,  a 
considerable  assemblage  of  schist  boulders,  tbe  rocks  m  tittt 
being  clay  slate.     Most  of  boulders  round  in  shape  as  if  rolled. 
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One  large  boulder  angular,  16x14x7  feet,  named  "Clach 
Chinean,"  or  "  Stone  of  Doom."  These  boulders  all  reet  od 
heaps  of  drift,  much  resembling  a  mor^ne.  On  the  opposite 
OT  south  side  of  the  Talley  there  ate  similar  maases  of  drift, 
containing,  however,  stratified  beds  of  sand  and  gravel. 

2.  About  2  miles  north  of  TuUypowrie  village,  near  the  hilla, 
two  very  large  boulders  of  mica  slate  occur,  about  1500  feet 
above  sea.  They  rest  apparently  on  a  heap  of  drift.  They 
are  both  cubical  in  form,  and  with  sharp  angles,  as  if  never 
e^tposed  to  friction.  One  of  them  measured,  and  found  to  be 
71  feet  in  girth  and  17  feet  high.  The  hills  are  more  than  J 
mile  distant.  They  must  have  been  brought  by  ice  of  some 
kind,  and  let  down  without  violence;  for  a  fall  from  any  height 
would  have  probably  caused  such  large  masses  to  break  in 
pieces.  The  adjoining  hills  form  a  range  to  N.  and  W.,  reach- 
ing fully  700  feet  above  the  boulders.  But  to  N.W.  (magn.) 
of  the  boulders,  and  within  a  J  mile  a  passage  occurs  through 
the  hills,  the  level  of  which  is  only  about  200  feet  above  the 
boulders.  They  might  have  come  through  this  passage,  carry- 
ing the  boulders  and  stranding  them  where  they  now  lie. 
These  boulders,  called  "Clach  U'had,"  or  "Stones  of  the 
Fox." 

3.  Above  Fitnacree  House,  a  boulder  of  schist  resembling 
hypersthene,  15x11^x4  feet  above  ground.  It  is  called 
"  Clack  odhar,"  or  "  Dun  Stone."  Ko  hills  are  near  it,  and 
it  differs  from  all  rocks  in  titu  near  it.  (Reporter — Mr 
M'Naughton,  merchant,  TuUypowrie). 

Arngatk. — Rocking  atone  of  mica  slate,  in  Glenfarg("  New  Statis- 
tical Account,"  vol.  X.  p.  888). 

J  ucAf era nier.— Boulder,  10x6x2  feet,  about  8  tons.  Longer  axis 
N.W.  Called  "  Wallace's  Putting  Stone."  (Reporter— Rev. 
Dr  Nisbet,  Edinburgh.) 

Auehlergaven. — Granite  boulder,  10x8x3  feet,  about  8  tons ;  260 
feet  above  sea.  Longer  axis  N.  and  S.  Called  tfae"Deil'e 
Stone."  Has  numerous  and  distinct  "cup"  markings  on  ite 
sides.  Supposed  to  have  come  from  mountains  situated  thirty 
miles  to  north.  Has  been  mutilated  by  slices  cut  off  it  for 
building,  &c.     Several  standing  stones  and  Druidicat  circles  in 
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this  parisfa,  composed  of  boulden.    (Beporter — William  Duff, 
Bcboclm  aster.) 

Btndoehy, — Fonnerl;  a  Draidicol  oiicle  of  nioe  large  stones,  now 
deetroyed,  bnt  name  still  preaerTed  of  "Nine  Stones."  Long 
kaims  of  gravel  or  sand,  vhioh  supposed  may  have  caused 
rivet  Tay  to  fall  into  sea  at  Montrose.  (Reporter — Hev.  Dr 
Barty.) 

CuUendar  (Stirling). — Gneiss  bonldet  on  top  of  Bocbastle  Hill, 
called  "Samson's  Putting  Stone,"  14x9x9  ft.,  resting  on 
conglomerate  rock.  Longer  axis  N.E.  Sketch  sent,  showing 
unstable  position.  Has  come  from  westward.  (Beporter — i. 
B.  Hamilton,  Leny.) 

Cdlace. — Large  stones  said  to  be  here.  Query, — are  they  erra- 
tics?   (Reporter — Peter  Nora e,  schoolhouse,  Collace.) 

Comrie. — Fonr  boulders  of  wLiaatoae,  and  one  of  granite,  13  x  9  x  7( 
feet,  weighing  about  20  tons.  Longer  axis  N.  and  S.  (Re- 
porter— Wm.  F.  Swan.) 

Crieff. — 1.  Conglomerate  boulder,  16  x  10  x  5^  feet,  about  64  tons, 
"  Witches'  Stone."  2.  Conglomerate  boulder,  19  x  10  x  6  feet, 
about  70  tens.  3.  Red  granite  boulder,  8J  k  4|  x  4  feet, 
called  "Cradle  Stone."  (Bepoitei — Rev.  Dr  Nisbet,  Edin- 
burgh.) 

At  Abercairney,  dark  grey  granite  boulder,  about  20  tons. 
(Reporter — C.  Home  Drummond  Moray;  and  Bev.  Thomas 
Hardy,  parish  minister.) 

In  Glen  Turret,  appearances  of  ancient  moraines,  described 
in  letter  by  Mr  Sang,  C.K.,  Kirkcaldy. 

Doune  (near  Kilbride). — Conglomerate  boulder,  about  900  tons. 
(Described  in  Estuary  of  Forth,  by  Mr  Milne  Home.) 

Dron. — Whinatone  rocking  stone,  10  x  7  feet.  Stands  on  bars 
rock  ("  New  Statistical  Account,"  vol.  x.  364). 

Errol. — Several  boulders,  differing  from  adjacent  rocks.  Said  to 
be  indicated  on  Ordnance  Survey  maps. 

FnrtingaU. — Gneiss  boulder,  24  x  16  x  13  feet,  called  "  Clach  an 
Salaine,"  from  people  who  brought  trees  out  of  Black  Wood  of 
Rannocb,  resting  them  on  it.  Height  above  sea  2600  feet. 
Rocks  in  titu  clay  slate.  Longer  axis  N.W.  (Reporter — Mr 
Fletcher  Henzies.) 
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Fouilu. — Two  daik  grey  grttnite  boulders,  10  x  7  x  4  foet,  and 
12  X  6  X  4  feet.  Supposed  to  have  been  need  ob  plscefl  of 
worship  or  sepulture,  ia  very  ancient  times.  (Boporter — Bev. 
Thomas  Haidy.) 

KUliecrankie  (Tennandry  Parish), — Blue  limeetone  boulder, 
6  X  5^  X  4  feet.  Supposed  to  hare  com»  from  "  J3«n  y  (?Ioe," 
a  hill  to  N.N.£.,  across  valley  600  feet  deep ;  plan  of  district 
seut.  Granite  boulder,  also  mentioned,;  has  come  from  North. 
(Beporter — Ber.  Patrick  Grant,  Tennandry  Manse.) 

EiJgpiiuiie. — Seven  granite  boulders,  from  5  to  6  tons  weight  Five 
form  a  belt  or  row  having  N.W.  direction.  All  differ  from 
adjacent  rocks.  (^Beporter — James  M'Kerracher,  aohoolmaster, 
by  Errol.) 

Kirkmichaei. — Booking  stone,  7x5x2^  feet,  about  3  tons,  wfaiu- 
atone.  (?)  Several  tall  stones  near  it,  called  "  Gtaohan 
Sleuchdaidh  "  (Stones  of  Worship).  —  ("New  Statistical 
Account,"  vol,  X.  p.  737.) 

Logie  Almond. — Whinstone  boulder,  8  or  10  feet  square,  about  48 
tone,  called  "  The  £er  Stone,"  about  600  feet  above  sea,  on 
north  bank  of  Biver  Almond,  opposite  to  Glenalmond  College. 
Probably,  as  there  is  a  great  peat  moss  near,  the  name  has 
reference  to  the  moss,  "  char"  being  the  Gaelic  for  peat. 

There  is  another  boulder  called  "  Cul  na  Cloiob,"  or  Stone 
Nook.  A  stream  forms  a  nook  or  angle  with  the  drain  or  ridge 
on  which  the  boulder  stands.  It  ia  a  conglomerate,  and  rests 
on  Old  Bed  Saadstone.  Another  conglomerate  boulder  occurs 
at  S.E.  coruer  of  the  farm  of  Bisk.  (Beporter — Bev.  Patrick 
Maogregor,  Logie  Almond  Uanse.) 

Methven  (Auchtergavin  Parish).— Whinstone  boulder,  about  10 
feet  high,  oval  shaped,  standing  on  small  end,  called  "  Sack 
Stone."  No  rock  of  same  kind  near.  800  feet  above  sea. 
(Beporter — William  Duff,  schoolmaster.) 

MonxU. — In  Glen  Almond,  a  large  atone,  8  feet  high,  near  side  of 
rivet,  nearly  cubical,  called  Clach-Oitian,  aaid  to  mark  grave 
of  that  poet.    ("  New  St.  Aoct."  of  parish,  vol.  x.  2G4.) 

ntloehne. — 1.  On  road  to  Stralooh,  mica  slate  boulder,  called 
"  Ohditone,"  about  1800  feet  above  sea.  Lying  on  drift  of 
gravel   and   stratified    sand.      Bocks    adjoining    clay   slate. 
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About  8  tone  weight.  Legend,  that  this  stone  gave  name  to 
Qladstone  family,  an  iofant  having  been  found  at  it  by  aehep- 
herd,  who  took  it  home  to  his  nife,  who  niirsed  it. 

2.  Near  paiieh  church  of  Stralocb,  a  huge  boulder  of  very 
ooarae  graoite,  called  "  Claeh  m'hor,"  or  "  Big  Utme,"  about  24 
feet  diameter,  and  about  20  feet  high.  Supposed  to  weigh 
about  800  tons.  Adjoining  rocks  clay  slate.  Many  other 
boulders  of  mica  riate  and  quartzite  beeide  it.  Supposed  to 
have  come  from  north  through  a  valley.  (Reporter — Bev. 
Dr  Robertson,  Stralocb.) 
BaUrat/. — Uioa  schist  boulder,  12  x  6  x  6  feet,  about  25  tons, 
cUled  "  Q-lenballoch  Stone."  Has  cup  and  groove  markings 
on  south  side.  There  are  other  boulders  in  Druidical  circles. 
They  hava  ^1  coma  from  hills  to  N.  or  N.W.  (Reporter — 
Bev.  Mr  Herdman,  Battrsy.) 

BKNfUW. 

^*"»<wi!ftan.— Porphyry  boulder,  22  x  17  x  12  feet,  about  300  tons. 
Longer  axis  E.  and  W.,  called  "  Claoh  a  Druidh  "  (Stone  of 
Druid)  ?  Legend.  Boulder  difi'srs  from  adjacent  rocks.  Same 
rock  seen  in  hills  2  or  3  miles  to  west  and  north.  (Beporters, 
— Bobeit  Graham,  H.D. ;  and  B.  L.  Jack  (Geol.  Survey).) 

Boss  AND  CkOIUKIT. 

AInesi. — In  forest  of  Oildermoy,  a  very  large  granite  boulder  re- 
ported by  Earl  of  Selkirk. 

ApplecroK. — Three  large  boulders,  one  near  shore  at  Bassel,  called 
"  Olach  Oiti,"  weighing  about  60  tens,  athei  two  about  SO  tons, 
each  called  respectively  "  Olach  Mhoir "  and  "  Cbieik  Van." 
Used  as  landmarks  from  the  sea.  £aims  at  Ardbain  and 
Ardriahach,  extending  each  more  than  two  miles  along  coast. 
(Beporter — William  Boss,  schoolhonae,  Applecross.) 

Ben  Wyvi$. — N.W.  shoulder  of,  presents  whole  acres  of  rock,  swept 
bare  of  soil,  rounded  and  polished.  Boulders  of  a  peouliar 
veined  granite  have  come  from  the  Derry  Hore  (tract  situated 
to  west  of  Ben  Wyvis),  and  been  carried  eastward  to  Moray 
Frith.  These  boulders  found  half-way  up  Ben  Wyvis,  al«o  in 
valleys  of  Alness  and  Anlt  Grand.     In  Stratbgarve  some  of 
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the  blocks  are  as  big  as  cottages.  Their  size  leeseiiB  towards 
B.  No  boulder  of-  same  kind  seen  on  West  Coast.  (Nicol 
"  Geol.  of  N.  of  Scot.,"  p.  70.) 
Camoek. — Five  large  boulders,  each  weighing  about  20  tons.  Each 
baa  a  G-aelic  name.  One,  a  boundary  stone.  (Reporter — 
James  Watson,  schoolbonse,  Strathconan,  Beauly.) 
Edderton.—Gn,mt6  boulder,  23  x  19  x  12  feet,  weighs  about  290 
tons.  Longer  axis  N.E.  Two  others,  not  quite  bo  laige. 
All  diSieriiig  from  adjacent  rocks,  (Eeporter— Rev.  Ewen 
M'EwoB,  parish  minister.) 

SeT.  Mr  Jooss  states  that  this  word  is  derived  from  "  Qarhh  " 
— "rough,"  the  Gaelic  for  "SiUo/the  Pitchy"  on  account 
of  shape,  its  sides  being  almost  vertical.     (Rev.  Mr  Joass.) 

Rev.  Mr  Joass  of  G^olspie  states,  that  tbp  boulders  here 
referred  to  are  on  a  shelf  or  terrace  about  900  feet  above  sea, 
and  that  their  parent  rock  is  at  Caru  na  Cuinnaig  about  12 
miles  to  N.W. 

He  adds,  that  the  boulders  specified,  as  in  the  parishes  of 
Tain  and  Tarhat,  are  probably  from  same  source.  The  granite 
is  peculiar.  (See  Tain  and  Tarbat  farther  on.) 
Fannich  Mountains. — Boulder  of  grey  gneiss,  with  garnets. 
30  X 10  X  5  feet,  described  in  letter  to  Convener  by  J.  F. 
Campbell  of  Islay;  2700  feet  above  sea;  angal&r.  Situated 
on  watershed.  Called  "  Clach  mhor  na  BiaohdoU."  A  train 
of  large  boulders  to  be  seen  in  a  valley  not  far  off.  Bocks 
also  smoothed  and  striated.  Lines  of  striation  parallel  with 
valleys. 
FoddarCy.—BoMldor,  14  x  8  x  5  feet,  about  40  tons.  About  6  feet 
above  sea;  shape,  angular;  Diuidical.  Another  with  inscrip- 
tion illegible.  Supposed  to  commemorate  a  battle  between 
two  clans.  (Reporter,  parish  schoolmaster.) 
Lochalih. — Glneise  boulder,  9x7x8  feet ;  longer  axis  E.  and  W., 
striated.  Boulder  differs  from  adjacent  rocks.  Same  rock 
said  to  be  at  Glenelg,  5  or  6  miles  to  sontb. 

Boulder  called  after  FingaL  Quartz,  7^x7x5  feet.  Longer 
axis,  K.W. ;  striated.  At  Locb  Carron,  said  to  be  a  kaim  or 
diluvial  bank.  (Reporter — Duncan  Sinclui,  parish  school, 
Lucbalsb.) 
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LockgatT. — One  granite  boulder,  28x  17  k  16  feet,  about  560  tons 
Btriftled.  Two  grauife  boulders,  23  x  10^  x  7  feet,  about  120 
tons.  One  of  these  said  to  be  on  top  of  a  bill,  and  called 
"  Sandel  Stone."  Legend.  There  are  three  other  boulders  of 
smaller  size.  Bocks  tn  titu  are  granite.  (Reporter — John 
MacEillop,  schoolmaster.) 

Shieldag  (Loch  Carroii). — Granite  boulder,  16  x  10  x  10  feet,  about 
120  tons.  Longer  axis  K  and  W.  There  is  another  large 
boulder.  Both  said  to  be  in  precarious  positions.  (Reporter 
— Bev.  Alex.  C.  M'lntyre,  Sbieldag  Manse,  Dingwall.) 

rain.— <Jranite  boulder,  18  x  12  x  8J  feet,  about  60  tons.  Plan 
aud  section  of  boulder  given.  Bocks  of  district  are  Old  Bed 
Sandstone.  South  shore  of  Dornoch  Frith  said  to  be  thickly 
strewed  with  granite  blocks,  whilst  none  on  north  shore. 
(Reporter — Robert  Gordon.) 

Tarbat. — Seven  or  eight  large  boulders  of  gneiss  and  granite. 
Places,  dimeneions,  and  names  specified,  witb  sketches  of 
boulders.  Also,  kaims  of  clay  running  £.  and  W.  in  parallel 
lines.  One  a  mile  long.  (Reporter — Rev.  Greorge  Campbell, 
parish  minister.) 

ffcif  Coatt. — Vestiges  of  maraines,  lateral  and  terminal,  from 
glacier  generated  in  valley  occupied  by  Loch  Fuir,  N.  of  Loch 
Maree.    (Nicol  "  Geol  Soc.  Jour.,"  xiv.  p.  170.) 

BoXfiUBOH. 

EiAford. — Two  kaima,  each  from  100  to  300  yards  long,  from  50 
to  60  feet  high.     (Beporter — Parish  schoolmaster.) 

Jedburgh. — Porphyry  boulder,  supposed  to  have  come  from  Dunion 
Hill,  which  ia  2  miles  to  west.  Formerly  granite  boulder  on 
Dunion.  Supposed  to  have  come  from  Galloway  or  Dumfries 
now  destroyed.  A  whinstone  boulder,  above  Redrule  Bridge. 
(Reporters — Rev.  Archibald  Craig  and  Bev.  Dr  Ritchie.) 

Melrose. — Greywacke  boulder,  round  shaped,  called  "Samson's 
Putting  Stone."    (Beporter — Parish  schoolmastui-) 

Stibliho. 
Alioa. — Basaltic  boulder,  13  x  11^x11  feet.    Longer  axis  N.  and  S. 
CaUed  "  Hair  Stane."    About  70  feet  above  sea,   (Beporter — 
Pariah  minister.) 
TOL.  VII.  6  ^ 
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Camy*M.— Rocks  glaciated.    Striations  W.S.W.  &  W.N.W.    (Ee- 

porter — Rev.  Thomae  Uonro,  D.D.) 
Fintray. — Boulders  Id   a  group,   called  "Gowk  Stoneu."      Have 

apparently  come  down  valley.    (Reporter — B.  L.  Jack  (Geo]. 

Survey").) 
KiUyih.—T&Kt,  Slate  boulder,  7  x  5  x  2^  feet,  about  6  tous.    VlM 

feet  above  sea.    Parent  rock  supposed  to  be  15  miles  to  north. 

(Reporter— R.  L.  Jack  (Geol.  Survey).) 
OchiU. — Od  waterBheds  of,  at  about  2000  feet,  boulder  of  mica 

schist  fall  of  gamete,  apparently  from  Grampians  to  N.W. 

(Jamieson,  "  Qeol.  Soc  Jour.,"  xxii.  p.  166.) 
St  Niniatu.—Boaliei  about  200  tons,  at  height  of  1250  feet  above 

sea.    (Reporter — B.  L.  Jack  (Geol.  Survey).) 
iSfrafUtane.— Conglomerate  boulder,  8x4x3  feet,  about  7  tons. 

linger  axis  W.  20°  N.     1803  feet  above  sea.     Parent  rock 

snppoaed  to  be  to  N.W.     (Beporter — B.    L.   Jack    (Geol. 

Survey).) 

SUTUBKLAKK. 

Auynt. — Two  arge  boulders,  one  at  Unapool,  tbe  other  at  Stron- 
chrubie,  called  "  Clach  na  Putain  "  (Stone  of  the  Button). 
(Beporter — Angus  U'Ewen,  parochial  schoolmaster.) 

Clyne. — Remarkable  kaims,  apparently  moraines  (lateral  and  ter- 
minal) in  valley  of  Brora.  Also,  rocks  striated  at  Brora 
quarry.     Strire  run  N.W.     (Reporter— M.  Myron.) 

OoltpU. — Old  Bed  Sandstone  boulder,  16x10x4  feet,  lying  on 
Oolite  rocks.  Longer  axis,  N.N.W.  j  sub-angular.  Sketch 
sent  About  248  feet  above  sea.  Three  smaller  boulders  of 
Old  Red  Sandstone  lie  about  100  yards  to  S.E.  of  the  above. 
The  Old  Red  Sandstone  formation  is  situated  to  north  and  west, 
about  3  miles  from  boulder.  Terminal  aud  lateral  moraines 
occur  in  Brora  valley,  broken  up  by  diluvial  action  into  ridges 
and  hummocks.  (Reporter — Rev.  James  Joass,  minister  of 
Golspie.) 

On  the  vhole  N.W.  coast  from  Cape  Wrath  southwards, 
numerous  "  Perched  "  boulders  occur  on  summits  and  sides  of 
bills,  in  the  most  exposed  positiouB.  Especially  numerous 
around  Locb  Maree.  (Nicol  "  Geol.  Soc.  Journal,"  xiii.  pp. 
29,  39.) 
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BouldeiB  of  large  size  on  top  of  Applecroes  Hills.  Bocks 
below,  Btriatod.  Direction  of  striw  S.  20°  W.  (true.)  (He- 
porter-^Nicol  of  Aberdeeu.) 

WlOTOWKSHIRB. 

Olauerlon. — Granite  boulder,  9x6x6  feet,  about  24  tons.  Longer 
axis  N.E.  Two  small  boulders  to  east  of  above,  and  in  a  line 
irith  it.  These  boutders  sappoaed  to  have  come  from  moan' 
tains  to  N.E.,  across  arm  of  sea.  Eaims  in  parisb,  full  of 
granite  pebbles.    (Beporter — Archibald  Stewart.) 

The  following  Gentleman  was  elected  a  Fellow  of  the 
Society : — 

Thomas  B.  Ckrutif,  M.D.,  F.R.C.F.E. 


Monday,  6th  May  1872. 
D.  MILNE  HOME,  LL.D.,  Vice-PreBident,  Iq  the  Chair. 
The  following  Commiuiioatiosa  were  read : — 

1.  On  the  Chemical  Efficiency  of  Saiilight 
By  James  Dewar,  Esq. 

Of  all  the  processes  proposed  to  measure  Tarying  luminous  in- 
tensities by  means  of  chemical  effects,  not  one  has  yet  been 
expressed  in  strictly  dynamical  measure.  This  is  owing  to  the 
very  small  amount  of  energy  to  be  measured  neceBBitating  very 
peculiar  processes  for  its  recognition.  The  chemical  aotions  gene- 
rally induced  by  light  are  of  the  "Trigger"  or  "Belay"  description', 
that  is,  bear  no  necessary  relation  to  the  power  evolved  by  the 
transformation.  There  is  one  natnral  action  of  light  continuously 
at  work  of  a  very  different  kind  in  the  decomposition  of  carbonic 
acid  by  plants,  necessitating  a  large  absorption  of  energy,  and  thus 
enabling  ns  to  ascertain  the  proportion  of  the  radiant  power 
retained,  tlirough  the  chemical  syntheses  effected. 

So  far  as  I  am  aware,  the  following  passage  extracted  from 
Helmboltz't  Lectaies  "  On  the  Conservation  of  Buergy,"  delivered 
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at  the  Boyal  lastitution  in  1864,  and  pnbliahed  in  tbe  "  Uedical 
Timea  and  Gazette,"  contains  the  tnt  eetimate  of  the  chemical  effi- 
ciency of  Bunlight.  "  Now,  we  have  seen  already,  that  by  the  life 
of  plants  great  atores  of  energy  are  collected  in  the  form  of  com- 
buBtihle  matter,  and  that  they  are  collected  under  the  infiaence  of 
solar  light.  I  have  shown  you  in  the  last  lecture  that  some  parts 
of  solar  light — the  so  called  chemical  rays,  the  bine  and  the 
violet  which  prodnce  chemical  action — are  completely  absorbed 
and  taken  away  by  the  green  leaves  of  plants ;  snd  we  must  eap- 
pose  that  these  chemical  rays  afford  that  amonnt  of  energy  which 
is  neceesary  to  decompose  again  the  carbonic  acid  and  water  into 
its  elements,  to  separate  the  oxygen,  to  give  it  back  to  the  atmo- 
sphere, and  tn  collect  the  carbon  and  hydrogen  of  the  water  and 
carbonic  acid  in  the  body  of  the  plant  itself.  It  is  not  yet  poasiUa 
to  show  tliiit  there  exists  an  accurate  equivalent  proportion  between 
the  power  or  energy  of  the  solar  rays  which  are  absorbed  by  the 
gieen  leaves  of  plants,  aud  the  energy  which  is  stored  up  in  the 
form  of  chemical  force  in  the  interior  of  the  plants.  We  are  not 
yet  able  to  make  so  accurate  a  measurement  of  both  these  stores 
of  energy,  as  to  be  able  to  show  that  there  is  an  equivalent  pro- 
portion. We  can  only  show  that  the  amount  of  energy  which  the 
rays  of  the  sun  bring  to  the  rank  is  completely  sufficient  to  prodnce 
such  an  effect  as  this  chemical  effect  going  on  in  the  plant.  I 
will  give  you  some  figures  in  reference  to  this.  It  is  found  in  a 
piece  of  cultivated  land  producing  com  or  trees,  one  may  reckon 
per  year  and  per  square  foot  of  land  OOSG  lb.  of  carbon  to  be  pro- 
duced by  vegetation.  This  is  the  amount  of  carbon,  which  during 
one  year,  on  the  surface  of  a  square  foot  in  our  latitude,  can  be 
produced  under  the  influence  of  solar  rays.  This  quantity,  when 
used  as  fuel  and  burnt  to  produce  carbonic  acid,  gives  so  much 
heat  that  291  lbs.  of  water  could  be  heated  1°  C.  Now  we  know 
the  whole  quantity  of  solar  light  which  comes  down  to  one  square 
foot  of  terrestrial  surface  during  one  second,  or  one  minute,  or  one 
year.  The  whole  amount  which  comes  down  during  a  year  to  one 
square  foot  is  sufficient  to  raise  the  temperature  of  430,000  lbs.  of 
water  1°  C.  The  amount  of  heat  which  can  he  produced  by  fuel 
growing  upon  one  square  foot  during  one  year  is,  as  yon  see  from 
these  figures,  a  very  small  fraction  of  the  whole  amount  of  solar 
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heat  whicli  can  be  produced  by  the  eolar  lays.  It  is  only  the 
1477th  part  of  the  whole  energy  of  solar  Ught.  It  is  impossible 
to  rietermine  the  quantity  of  solar  heat  so  accnrately  that  we  could 
detect  the  loss  of  so  small  a  fraction  as  is  absorbed  by  plants  and 
Gouverted  into  other  fonns  of  energy.  Therefore,  at  present,  we 
Ga)i  only  show  that  the  amount  of  solar  heat  is  sufficient  to  pro- 
duce the  effects  of  vegetable  life,  but  we  cannot  yet  prove  that  lliis 
is  a  complete  equivalent  ratio."  This  estimate  is,  strictly  speaking, 
tlie  mean  agricultural  efficiency  of  a  given  area  of  land,  cultivated  as 
forest,  and  considering  that  active  growth  only  takes  place  during  five 
months  in  the  year,  we  may  safely  adopt  ,fjth  of  the  total  energy 
of  sunlight  as  a  fair  value  of  tlie  conserved  power,  on  a  given  area 
of  the  earth's  surface  in  this  latitude  during  the  course  of  the 
summer.  As  chlorophyll  in  one  or  other  of  its  forms  is  the  sub- 
stance through  which  light  becomes  absorbed,  and  chemical 
decomposition  ensues,  it  would  be  interesting  to  acquire  some  idea 
of  the  storage  of  power,  effected  by  a  given  area  of  leaf  surface 
during  the  course  of  a  day,  and  to  compare  this  with  the  total 
available  enei^y.  Here  we  are  dealing  with  strictly  measurable 
quantities,  provided  we  could  determine  the  equation  of  chemical 
transformation. 

Boussingault's  recent  obBoivatione  on  the  amount  of  carbonic  acid 
decomposed  by  a  given  area  of  green  leaf  seem  to  me  to  afibrd 
interesting  data  for  a  new  determination  of  the  efficiency  of  sun- 
light. In  bis  experiments  made  between  the  months  of  January 
and  October  under  the  most  favourable  circumstances  in  atmo- 
spheree  rich  In  CO,  one  square  decimetre  of  leaf  has  decomposed  in 
one  hour,  as  a  mean  526  cc  of  C0„  and  iu  darkness  evolves  In  the 
same  period  of  time  033  co  of  CO,.  In  other  words,  one  square  metre 
of  green  surface  will  decompose  iu  twelve  hours  of  the  day,  6336 
cc  of  COj,  and  produce  in  twelve  hours  of  the  night  396  ccofCO,. 

This  quantity  of  carbonic  acid  decomposed  does  not  represent 
the  whole  work  of  sunlight  for  the  time,  as  water  is  simultaneously 
attacked  in  order  to  supply  the  hydrogen  of  the  carbo-hydrates. 
Bonesingault,  in  summing  up  the  general  results  of  bis  laborious 
researches  on  vegetable  physiology,  says,  "  Si  t'on  envisage  la  vie 
v6g£tale  dans  son  ensemble,  on  est  convaincu  que  la  feuille  est  la 
premiere  4tape  des  glucoses  que,  plus  ou  moins  modifies,  on  tronve 
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riipartis  liaUB  lea  diveneB  parties  de  I'nrganisme  ;  qne  c'eet  U  fenille 
qui  l«a  ^aboie  &ux  depeae  de  I'aoid  CEurboDJqne  et  de  I'ean." — 
P.  415,  Am.  de  Chemie,  torn  xUi.  The  fundamental  chemical 
le-Bction  taking  place  in  the  leaf,  may  therefore  be  represented 
aa  foUowH ; — 

(1)  C0,0      +      H,0      =      CO,H,      +      0,0 

(2)  6(C0.H,)  =      C.HuO, 

In  the  first  equation  carbonic  acid  and  water  are  BimultaQeonaly 
attacked  with  the  liberation  of  a  volume  of  oxygen  equal  to  that 
of  the  original  carbonic,  together  with  the  formation  of  a  enbatance 
having  the  compoeitioo  of  methjUc  aldelyde.  The  second  equation 
lepreaentB  the  condensation  of  this  aldelyde  into  grape  BUgar.  The 
transformation  induced  in  (1)  necessitates  the  absorption  of  a  large 
amount  of  energy;  and  if  we  neglect  the  heat  evolved  in  the 
combination  of  nascent  CO  and  H„  which  can  be  shoWD  to  be  very 
little,  the  calculated  result  is  made  a  maximum  ;  whereas  the  con 
denaatjon  of  (2)  being  attended  with  an  evolution  of  heat,  diminishes 
considerably  the  amount  of  power  requited.  Happily  Frankland's 
direct  determination  of  the  thermal  value  of  grape  sugar  leaves 
no  doubt  as  to  the  true  equivalent  of  work  done  in  its  formatioo. 
Taking  the  following  thermal  value  CO.O  =  68,000,  H„  0  =  68,000, 
C,Hi,0,  =  642,000,  Ic  centimetre  of  CO,  decomposed  as  in  (1) 
would  require  606  gramme  unitA  of  beat,  or  its  light  equivalent; 
whereas  the  complete  change  into  grape  sugar  of  the  same  amount 
of  carbonic  acid  requires  only4-78  gramme  unite.  But  we  have 
seen  before  1  square  decimetre  of  green  leaf  functions  at  the 
rate  of  &'28cc  of  carbonic  acid  assimilated  per  bom,  therefore 
(5'28)  X  (4'78)  =  2S'23  represents  the  number  of  gramme  heat 
units  conserved  through  the  absorption  of  light  in  the  above 
period  of  time.  Poulllet  estimates  the  mean  total  solar  radiation 
per  square  decimetre  exposed  normally  to  the  sno's  rays  in  or  near 
Paris  per  hour  as  6000  gramme  auita,  so  that  6000  -i-  25-23  >=  x^g 
represents  the  fraction  of  the  entire  energy  conserved.  The  esti- 
mate is  by  no  means  too  little,  as  Boussingault  has  shown  the  leaf 
may  function  at  twice  the  above  rate  for  a  limited  time. 

In  connection  with  equation  (1),  above  given,  as  repreeenting 
the  action  of  sunlight  on  the  leaf,  it  is  worthy  of  remaik,  that 
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Bnpposing  the  carbonic  acid  twd  water  eqaally  efQcient  aa  abeorb- 
iDg  agents  of  the  Yibratory  eiiergy  (although  each  has  a  ipecifio 
absorptioQ  for  certain  qnalities  of  rays),  then  the  decompoeition  of 
the  two  compouDd  moleculeB  may  take  place  contmnously  side  by 
flido,  owing  to  the  equality  of  the  thermal  equiTalents  of  caibonio 
oxide  and  hydrogen.  We  already  know,  bom  the  laborious  re- 
seaicbea  of  Tyndall,  how  thoroogbly  aqneoue  vapour  retains 
thermal  radiations ;  and  Janasen  has  farther  shown  that  the  same 
BubataDce  has  a  strong  absorptive  action  on  the  rays  of  light  of  low 
refrangibility  (just  those  rays  that  are  in  part  selected  by  chloio- 
phyll),  producing  the  well-known  atmoepberic  linea  of  the  eolar 
spectrum.  The  presence,  therefore,  of  Torying  quantities  of 
aqneons  vapour  in  the  atmosphere  in  all  probability  produces  a 
coneiderable  difference  of  rate  in  the  decomposition  effected  by  the 
leaf,  and  may,  in  fact,  end  in  carbonic  acid  and  water  being 
attacked  in  another  ratio  than  that  given  as  the  fundamental 
equation  of  decompositiou.  Thus  the  same  plant  in  different 
atmospheric  conditions  may  elaborate  different  substances. 

2.  Oil  the  Eainfall  ot  the  ContiDents  of  the  Globe.  By 
Alexander  Buchan,  Secretary  of  the  Scottish  Meteoro- 
logical Society. 

This  paper  was  illustrated  by  two  largo  charts  of  the  world 
showing,  by  ibohtbtal  lines,  the  rainfall  over  tlio  different  couti- 
uents  in  January  and  Julyi  two  large  charts  showing  the  months 
of  least  and  greatest  raiufall  in  Europe,  north  Africa,  and  west 
Asia;  and  by  six  sets  of  smaller  charts  of  thirteen  each,  ehowing, 
by  isohyetal  lines,  the  monthly  and  annual  rainfall  of  Europe, 
Asia,  Aostralaeia,  North  America,  Africa,  and  parts  of  South 
America.  The  data  laid  down  on  these  eighty-two  charts  were 
taken  from  a  Table  comprising  about  2000  good  averages  of  rain- 
fall, calculated  or  collected  by  the  author. 

On  comparing  the  results  of  the  rainfall  with  the  author's  charts 
of  Atmospherio  Pressure  and  Prevailing  Winds,  published  in  the 
Society's  Transactions,*  the  broad  principles  regulating  aqueous 
pieoipitatioa  ue  chiefly  these : — 

•  Vol.  xet.  p.  676,  tt  »fj. 
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1.  When  the  prevailing  wind  has  previously  traveraeJ  a  large 
extent  or  ocean,  the  rainfall  ib  moderately  large. 

2.  If  the  winds  are  at  the  eame  time  advancing  into  colder 
regions,  the  rainfall  is  largely  increased;  and  if  a  range  of  moun- 
taiDB  lie  across  their  onward  path,  the  rainfall  is  bXho  thereby 
largely  increased  on  the  side  facing  the  prevailing  winds,  and 
reduced  over  the  regions  lying  on  the  other  side. 

3.  If  the  winds,  though  arriving  from  the  ocean,  have  not  tra- 
versed a  considerable  extent  of  it,  the  rainfall  is  not  large. 

4.  If  the  winds,  even  though  having  traversed  a  considerable 
part  of  the  ocean,  yet  on  arriving  at  the  land  proceed  into  lower 
latitudes,  or  regions  markedly  warmer,  the  raiiifall  is  small  or  nil. 


3.  Od  the  Lunar  Diumal  Variation  of  Magnetic  Declination 
at  Trev^ndram,  near  the  Hagnetic  Equator.  B;  J.  A. 
Broun,  F.R.S. 

The  author  gives  the  results  derived  from  different  discussions  of 
nearly  eighty  thousand  observations,  made  hourly  during  the  eleven 
years  1854  to  1864.     They  are  as  followB.— 

1.  That  the  lunar  diurnal  variation  consists  of  a  double  maximnm 
and  minimum  in  each  month  of  the  year. 

2.  That  in  December  and  January  the  maxima  occur  near  the 
times  of  the  moon's  upper  and  lower  passages  of  the  meridian  ; 
while  in  June  and  July  they  occur  six  hours  later,  the  minima 
then  occurring  near  the  times  of  the  two  passages. 

3.  The  change  of  the  law  for  December  and  Januaiy  to  that  for 
June  and  Jnly  does  not  happen,  as  in  the  case  of  the  solar  dinmal 
variations,  by  leaps  in  the  coutse  of  a  month  (those  of  March  and 
October),  but  more  or  less  gradually  for  the  different  maxima  and 


While  the  lunar  diurnal  variation  changes  the  hours  of 
1  and  minima  more  gradually  than  the  solar  diumal  varia- 
tion, it  also  makes  the  greatest  change  at  different  times ;  thus  ths 
•olar  diurnal  variation  changes  completely  during  the  month  of 
March,  or  from  February  to  April,  while  the  lunar  diumal  varia* 
tion  makes  the  greatest  change  from  April  to  May.     The  second 
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great  change  which  happens  foi  the  sun,  between  September  uid 
NoTember,  occqtb  earlier,  or  between  September  and  October  for 
the  mogn. 

5.  The  range  of  the  Tariation  is  greatest  in  Janaarf,  and  is  least 
in  Hay  and  October ;  the  ore,  including  the  mean  diumal  variation 
for  January,  from  eleven  years'  obseiTatioDB,  being  nearly  (V'S, 
while  in  tbe  latter  months  the  ranges  were  nearly  0''18  and  0''14 
respectively;  the  range  for  July  being  0''26. 

The  anther  states,  that,  in  a  paper  already  pablished,*  he  has 
shown  that  the  range  of  the  dinmal  variation  amounts  sometimes 
to  five  minutes  (5''0),  which,  from  tbe  less  value  of  the  horizontal 
force,  would  be  equivalent  to  about  twelve  minutes  (12'-0)  in  Eng- 
land ;  and  that  the  diminution  of  range  ^ipearing  in  tbe  mean  of 
many  Inuatione  is  due  to  the  combination  of  variations  following 
different  laws. 

6.  The  ranges  of  the  mean  lunar  and  mean  solar  diurnal  varia- 
tions thus  obey  different  laws  with  reference  to  the  period  of  the 
year;  the  range  of  the  former  in  January  being  nearly  doable  that 
in  an;  month  from  May  to  September,  while  tbe  range  of  tbe  latter 
in  August  is  nearly  double  that  in  January. 

In  tbe  disouBsion  for  tbe  change  of  the  law  which  might  bo  dne 
to  the  moon's  passing  from  one  hemisphere  to  the  other,  the  author 
found  different  results  for  different  months  of  the  year;  this  led 
him  to  perform  the  calculations  in  a  new  way,  deBcribed  by  him, 
in  which  the  law  derived  from  observations  made  during  the  day 
ie  separated  from  that  obtained  from  observations  made  daring  tbe 
night.  From  this  discussion  it  follows — 
,  7.  That  the  action  of  the  moon  on  the  declination  needle  is,  in 
every  month  of  the  year,  greater  during  the  day  than  during  the 
night;  the  range  of  the  oscillation  in  January  and  June  beingnearly 
four  times  greater  during  the  day  than  during  the  night,  the  ratio 
being  leas  in  the  intermediate  months. 

When  the  results  are  derived  from  the  forenoon  hours  ouly,  or 
from  the  afternoon  hours  only,  the  range  in  January  is  six  times 
greater  than  that  derived  from  the  night  hours  only. 

It  also  appears  that  the  law  derived  from  tbe  night  hours  varies 
little  in  the  coorse  of  tbe  year;  it  is  only  that  derived  from  the 
•  TrsM.  Boy.  800.,  Edin.  vol.  wit.  p.  678 
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day  hours  wbicli  becomes  inserted  in  pafisiDg  from  January  to  July. 
It  foUovTB— 

8.  That  the  principal,  if  not  the  odIj,  canee  of  change  in  the 
amount  of  the  lunar  action  at  TreTandrum,  near  the  maguetic 
equator,  for  the  moon  on  different  meridiane,  depends  on  vhether 
the  sun  is  shining  on  the  place  of  the  needle  or  not. 

The  author  finds — 

9.  That  the  area  of  the  curve  representing  the  lunar  diurnal 
variation  in  the  mean  of  the  group  of  months,  October  to  April,  for 
the  half  orbit  about  Perigee,  is  to  that  for  the  other  half  orbit  as 
I'lS :  1 ;  while  for  the  group  of  months,  May  to  September,  the 
ratio  is  1*31 : 1 ;  the  moon's  action  appearing  to  diminish  more 
rapidly  with  the  distance  from  the  earth,  when  both  moon  and  earth 
are  farthest  from  the  sun.  As  the  mean  distances  of  the  moon  from 
the  earth  in  the  two  half  orbits  are  nearly  as  1  to  107,  it  appears 
that  the  mean  range  for  Perigee  and  for  Apogee,  derived  from  both 
groups,  varies  nearly  as  the  inverse  cube  of  the  distance,  as  in  the 
case  of  the  tides. 


Monday,  20th  May  1872. 

Professor  Sir  ROBERT  CHRISTISON,  Bart.,  President, 
in  the  Chair. 

The  foIlowiDg  CommuDications  were  read  : — 

1.  Some  Helps  to  the  Study  of  Scoto-Celtic  Philology, 

by  the  Hon.  Lord  Neaves. 

(Alstraa.)    ' 

Lord  Neaves  read  a  paper  entitled  "  Some  Helps  to  the  Study  of 
Scoto-Celtic  Philology,"  in  which,  after  noticing  the  mistaken 
tendencies  of  the  Celtic  scholars  of  former  times,  both  Irish  and 
Scotch,  as  to  the  origin  and  aEBnities  of  Gaelic,  and  adverting  to 
the  fact  now  firmly  fixed  that  it  was  on  Aryan  or  IndoGermanic 
tongue,  he  submitted  a  statement  of  some  of  the  imitations  or 
disguises  which  words  underwent  or  assumed  in  passing  into  G-aelic. 
Thus  it  was  a  peculiarity  of  Gaelic  to  avoid  the  letter  p,  which  it 
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did  in  varioiiB  waje.  SametimeB  it  dropped  that  letter,  as  when 
it  changed  the  Latin  Pater  into  Alhir,  the  Latin  piscit  into  ia^, 
plentit  ioto  Zctn,  &c.  Sometimea  it  changed  the  p  into  a  gutteral 
c,  g,  or  ch,  as  seachi  for  itfUm,  featgar  for  vetper.  It  did  tbie 
even  in  borrowed  words,  as  when  the  Church  term  Faach  for  Easter 
was  changed  into  CaUg;  the  Latin  purputr  into  corcur.  It  was 
another  peculiarity  of  Gaelic  to  omit  the  letter  »  before  certain 
other  consonants,  bo  that  centum  became  cead,  ^uinjfiM  became  ang, 
metuii,  mios  I  in/emum,  t/rtnnj  inter,  eadar.  The  Latin  v  or 
English  w  was  generally  reprcBented  in  G-aelic  at  the  beginning  of 
words  by/;  thus  vir,/ear;  veTV9,fior;  vinum,fion;  vatea,/mdhi 
&C.  The  old  Irish  word  for  a  widow  was  fedb.  Two  remarkable 
prefixes  occurring  frequently  in  Gaelic,  do  and  to,  correspond  to 
similar  prefixes  du  and  «u  in  Sansctit :  do  and  du  meaning  "  evil  or 
difGculty,"  and  to  and  tu  meaning  "goodness  or  facility,"  These 
prefixes  are  very  abundant  in  those  two  languages  at  the  two 
extremes  of  the  Aryan  field,  but  though  represented  also  in  Greek, 
are  Bcaicely  or  very  slightly  perceptible  in  the  intermediate  tongues. 
An  attention  to  these  and  other  changes  which  words  undergo 
in  passing  into  Gaelic  would  greatly  facilitate  tbe  study  of  this 
remarkable  tongue,  which  it  is  not  creditable  to  Scotchmen  to 
neglect  as  they  have  done.  The  comparative  forms  of  the  infiec- 
tions  of  words  also  deserve  attention,  and  on  this  subject  reference 
might  te  made  to  an  interesting  lecture  on  the  Gaelic,  by  Professor 
Geddes  of  Aberdeen. 

2.  Some  ObservatioQs  on  tbe  DeotitioQ  of  the  Narwbal 
{JHonodon  monoceroa).    By  Professor  Turner. 

The  author  expressed  his  concurrence  with  those  anatomists  who 
hold  that  the  two  tusks  of  the  narwhal  are  situated  in  sockets 
in  the  superior  maxillary  bones,  and  not,  as  was  stated  by  the 
Cuvii^Ts,  in  the  premaxillfe,  or  partly  in  tbe  pre-  and  partly  in  the 
superior  maxillaj.  He  then  proceeded  to  relate  some  further  observa- 
tions on  the  dentition  of  the  narwbal,  and  pointed  out,  both  in  the 
skull  of  a  young  male  and  in  those  of  three  well  grown  foetuses, 
an  elongated  canal  on  each  side  of  the  upper  jaw,  parallel  and 
inferior  to  the  tusk  socket,  which  bad  the  appearance  of  a  socket 
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for  a  Biipplementaiy  tooth,  although  none  protraded  from  it.  lu 
the  yoniig  male  a  minute  denticle  wu  seen  at  the  bottom  of  this 
socket. 

He  then  described  a  diuection  he  had  made  of  the  upper  jaw  of 
a  male  fcetOB,  7^  inches  long,  given  him  by  Mr  C.  W.  Peach,  in 
which,  imbedded  in  the  gum  on  each  side,  were  two  well-formed 
dental  papilln,  barely  visible  to  the  naked  eye.  Bach  papilla  was 
contained  in  a  well-defined  tooth  sao.  Calcification  of  the  papilln 
ot  of  the  wall  of  the  tooth  sac  had  not  commenced.  The  minute 
structure  of  these  embryonic  teeth  was  next  described.  The  moie 
anterior  of  the  two  papillfe  was  -^ths  inch  behind  the  tip  of  the 
jaw,  and  the  more  posterior  lay  about  -ji^th  inch  behind  the 
anterior. 

Ko  rudimentary  teeth  were  found  in  the  lower  jaw. 

The  formation  of  bone  had  only  just  begun  in  the  fibrous  matrix 
of  the  maxillary  bones ;  but  in  the  lower  jaw  a  very  decided  ossifica- 
tion of  the  fibroiiB  membrane  investing  the  cartilage  of  Meckel  had 


3.  On  the  occurrence  of  Ziphitu  caviroatria  in  the  Shetland 
Seas,  and  a  comparison  of  its  Skull  with  that  of  Sowerby's 
Whale  {]^eaophdon  Sowerbyi).    By  Professor  Turner. 

This  paper  contained  a  brief  historical  sketch  of  Ztphiv*  cavi- 
rottria.  The  skull  of  a  specimen  caught  at  sea  in  1870,  off  Hamna 
Voe,  Northmaven,  Shetland,  was  then  described,  and  this  skull  was 
compared  with  previously  recorded  specimens.  A.  brief  historical 
sketch  of  Sowerby's  whale  was  then  given,  a  skull  in  the  Edinburgh 
Museum  of  Science  and  Art  was  described,  and  reasons  were 
advanced  for  associating  it  with  the  genus  Maoplodon  rather  than 
with  Ziphiu*. 

4.  On  the  Maienial  Sinua  Vascular  System  of  the  Human 

Placenta.     By  FrofesBOr  Tamer. 

The  author  gave  a  brief  sketch  of  the  various  theories  which 
have  been  advanced  by  Velpean,  E.  Lee,  Braxton  Hicks,  the 
Hanters,  Owen.Weber,  J.  Reid,  J.  Goodsir,  Virchow,  Kolliker,  Van 
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Der  Eolk,  Arthur  Farre,  and  Eroolani  regarding  to  the  relatione  of 
the  maternal  blood-veBHels  to  the  placenta  and  chorionic  villi.  He 
then  proceeded  to  state  the  resutts  of  bis  own  obserTations  on  vaiionB 
apecimenB  of  placentn,  Bome  of  which  had  been  aeparated  at  the 
full  time,  otbere  prematurely,  and  on  three  Bpecimens  attached  to 
the  nterine  wall.  Two  of  these  latter  were  from  women  at  or 
abont  the  fnll  period  of  gestation,  whilst  the  third  was  from  a 
woman  who  died  undelivered  in  the  sixth  month  of  pregnancy.  In 
otie  of  the  attached  epecimene  s  pipe  had  been  introduced  into  a 
nterine  vein  in  the  broad  ligunent,  and  a  coloured  gelatine  in- 
jection had  been  passed  along  the  venous  sinnseB  in  the  moscular 
wall,  and  the  ntero-placental  veins  into  the  placenta.  The  ntero- 
placental  veins  were  followed  through  the  decidna  serotina,  and  were 
seen  to  pierce  the  nterine  aurface  of  the  placenta.  The  walls  of 
these  veins  were  ho  delicate  that  they  lore  through  on  the  appli- 
cation of  very  slight  force.  Thin  sections  made  through  the 
placenta  and  the  adjacent  part  of  the  uterine  wall  permitted  the 
author  to  trace  a  direct  continuity  of  the  injection  within  the 
placenta  with  that  within  the  utero -placental  veins  and  uterine 
sinuses,  and  showed  the  one  to  be  continuous  with  the  other.  The 
injection  also  passed  into  veins  of  considerable  size,  situated  witbin 
the  decidua  reflexa,  near  the  attached  border  of  the  placenta. 
In  another  attached  specimen,  the  intra-placental  sinus  system 
was  injected  with  coloured  gelatine  from  a  pipe  inserted  into  one 
of  the  nterine  arteries,  and  the  injection  of  the  system  of  inter- 
communicating spaces  within  the  placenta  was  as  readily  made  as 
in  the  specimen  where  the  injection  was  passed  through  the  uterine 
vein.  In  the  third  attached  specimen,  the  injecting  pipe  was 
intioduced  into  the  cut  faoe  of  a  section  through  the  placenta  itself, 
and  the  intra-placental  sinus  system  was  not  only  distended,  but 
some  of  the  injection  had  even  entered  the  ntero.placental  veins. 

Thin  sections  of  the  injected  placentsa  had  been  made  and  ex- 
amined both  with  low  and  high  powers  of  the  microsoope.  Draw- 
ings, greatly  enlarged,  of  the  appearances  seen  on  examining  these 
sections  were  shown  to  the  Society,  fUid  the  author  pointed  out  that 
these  were  to  be  regarded  ae  actual  representations  of  the  objects, 
and  not,  as  had  previously  been  almost  universally  the  case,  mere 
diagrammatio  ccmceptions  of  what  the  anatomist  might  consider  to 
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be  the  character  of  the  arrangei^ent.  The  chorionic  villi  were  seen 
in  these  sectioDB  to  be  cut  acrose  longitudinally,  obliquely,  and  trans- 
versely, and  the  villi  were  not  in  contact  with  each  other  by  their 
siirfaceB,but  separated  by  intermediate  freely-communicating  spaces, 
filled  with  coloured  gelatine.  These  spaces  constituted  the  intra- 
placentol  maternal  sinus  vascular  system.  Thin  sections  examined 
with  high  powers  showed  mnltitndea  of  red-blood  corpuscles  lying 
in  the  coloured  gelatine,  which  corpuscles  had  nndonbtedly  been 
in  these  sinuses  before  the  injection  hod  been  passed  into  them, 
and  from  their  position  were  the  corpuscles  of  the  maternal  blood. 
The  ready  manner  in  which  the  injection  flowed  into  the  intia- 
placental  sinuses,  either  when  passed  directly  into  the  placenta, 
or  through  the  artery,  or  through  the  vein,  the  regularity  and 
uniformity  of  the  pattern  produced  by  the  injection  when  set, 
and  the  abundance  of  blood  corpuscles  present  in  the  sinuses, 
mingled  with  the  injection,  seemed  to  the  author  to  substantiate 
the  view  that  these  smueee  are  a  natural  system  of  intercom- 
municating spaces  for  the  transmiesion  of  the  maternal  blood 
through  the  interior  of  the  placenta ;  and  not  as  some  have  main- 
tained, artificially  produced  by  the  extravasation  of  injection  from 
the  uterine  vesseb  into  the  placenta. 

The  author  then  proceeded  to  describe  the  structure  of  the 
chorionic  villi,  to  show  their  relations  to  the  decidua  serotJna  and 
the  decidual  bars  which  pass  into  the  interior  of  the  placenta,  and 
to  discuss  the  views  which  have  been  advanced,  whether  the  villi 
bang  naked  in  the  maternal  blood,  or  whether  they  are  invested 
either  by  a  prolongation  of  the  lining  membrane  of  the  maternal 
blood-vessels,  or  by  the  cells  of  the  decidua,  or  by  both. 

The  following  Gtentlemaa  was  admitted  a  Fellow  of  the 
Society;— 

Rev.  HuoH  Macuillan,  LI^D. 
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Monday,  Sd  June  1872. 

pROPissoB  W.  J.  MACQUORN  RANKINE.  Vice-President, 
in  the  Chair. 
The  following  CommuDicationa  were  read : — 

1.  On  Dimorphic  Flowers  of  Cephaelis  Ipecacuanha,  the 
Ipecucuan  Plant.    By  Professor  Balfour. 

1  have  reported  already  to  the  Society  (p.  688)  the  results  of  tlie 
cultivation  of  the  Ipecacuan  plant  in  the  Botanic  Garden,  and  its 
snccesBfnl  propagation  by  Mr  M'Nab  by  root- cutting.  By  this 
means  it  has  been  sent  in  considerable  quantity  to  Calcutta,  onder 
the  direction  of  the  Secretary  of  State  for  India.  From  the  Garden 
at  Eew,  in  1863,  a  plant  was  sent  out  to  Dr  King,  and  of  late  he 
has  been  successful  in  propagating  it  by  cuttings  of  the  stem  above 
ground.  So  that  from  both  sources  there  seems  to  be  every  prospect 
of  the  plant  being  extensively  cultivated  in  India,  the  climate  of 
which  in  many  places  is  FaTonrable  for  its  growth.  The  so-called 
root  of  the  Ipecacuan  may  be  said  to  be  composed  of  a  sort  of  under- 
ground stem  capable  of  producing  ieaf-bude,  as  well  as  true  roots. 

I  have  already  stated  that  the  plants  in  the  Botanic  Garden  have 
been  derived  from  two  sources, — one  from  a  plant  sent  by  Sir  Wm. 
Hooker  more  than  40  years  ago,  and  which  he  bad  procured  from 
Mr  M'Eoy  of  Liege;  the  other  is  from  plants  sent  from  Bio 
Janeiro  by  Dr  Gunning.  There  is  an  apparent  difference  in  the 
oharacters  of  the  plants  from  these  two  sources,  but  not  such  as  to 
amount  to  a  specific  distinction.  Hooker's  plant  has  flowered 
pretty  freely,  but  never  produced  fruit  until  last  year,  when  the 
pollen  was  artificially  applied  from  one  flower  to  another.  All  the 
plants  from  this  source  have  long  stamens  and  short  styles. 

The  plants  sent  by  Dr  Gunning  have  grown  well,  but  it  is  only 
recently  that  they  have  flowered,  and  now  there  are  several  speci- 
mens in  flower,  and  some  are  fruiting  after  artificial  impregnation. 
In  this  series  of  plants  there  are  evident  dimorphio  flowers.  In 
some  the  stamens  are  long  and  the  style  is  short ;  while  in  others 
the  style  is  long,  projecting  much  beyond  the  corolla,  while  the 
stamens  are  short, 
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It  vould  appear  that  SDCcesaful  fertiliaattou  may  be  effected  by 
applying  the  pollen  frotn  the  long  stamena  to  the  stigma  of  the 
long  styles. 

The  partial  fruiting  which  took  place  in  the  heads  of  flowers  in 
the  Hookerian  plants  may  have  depended  on  the  fact  that  there 
were  only  produced  flowers  with  long  stamens  and  short  styles,  and 
although  when  pollen  was  applied  from  one  flower  to,  another 
fertilisation  was  effected,  still  it  was  by  no  means  fnlly  successful, 
only  two  or  three  of  the  flowers  in  the  head  producing  fruit.  The 
flowers  are  sweet-scented  with  a  delicate  odour. 

One  of  the  largest  plants  has  the  following  dimensions  : — 


Height  of  plant,  . 
Length  of  leaves, 
Breadth  of  leaves, 
Peduncle  (length), 
Q-reatest  circumference  of  stem. 


12^  inches. 


1    inch 

4   ., 


2.  On  the  Crinoida  of  the  "  PorcupiBe  "  Deep-Sea  Dredging 
Expedition.    By  Professor  Wyville  Thomson. 

Seven  species  belonging  to  the  Echinoderm  ordei  Cbinoisza, 
WAre  procured  during  the  "  Porcupine  "  dredging  expeditions  of 
1869  and  70.  Four  of  these  belong  to  the  free  section  of  the  order, 
and  are  referred  to  the  genus  Antkdoh. 

1.  A.  ttcrichtii,  J.  Muller. 

This  fine  species  is  abundant  off  the  coast  of  Greenland,  but  eo  far 
as  I  am  aware,  it  does  not  occur  in  the  seas  of  Scandinavia. 
Several  hauls  of  the  dredge  in  the  cold  area  in  tbe  channel  between 
Scotland  and  Faeioe,  yielded  many  examples,  tbe  largest  of  which, 
however,  fell  somewhat  short  of  the  dimensions  of  the  largest 
specimens  from  Greenland.  Antedon  eacnchUi  was  associated  in 
the  Faeroe  channel  with  Clenodiicut  crispatus,  an  Asteridean  which 
had  been  met  with  previously  only  in  the  G-reenland  seas.  A 
single  example  of  a  pentacrinoid  in  an  early  stage  was  fcnind 
associated  with  Antedon  etcriehtii.  It  resembled  closely  the  larva 
of  Anttdon  $arnt,  but  tbe  specimen  was  not  sufficiently  perfect  for 
a  critical  examination. 
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2.  A.  sartii,  DnbeD  and  Eoren. 

More  or  less  complete  epecimena  or  fragmenta  of  this  widelj 
distributed  species  came  up  is  nearly  every  one  of  the  deep  hauls 
of  the  dredge,  from  the  Faeroe  Islands  to  G-ibraltar.  One  or  two 
small  examples  of  the  pentacrijtoid  were  procured  in  the  Faeroe 
GbanDel. 

3.  A.  TOtaceus,  Linck. 

Frequent  in  water  of  moderate  depth.  Many  examples  of  the 
form  known  to  continental  naturalists  under  the  name  of  A. 
mediterraneut.  Lam.  sp.,  were  dredged  in  the  Uediterranean  off  the 
coast  of  Africa.  I  do  nut  feel  satisfied  that  this  is  identical  with 
AnUdon  rotacetta  of  the  coast  of  Britain,  although  the  two  specific 
names  are  usually  regarded  as  ijnoayma.  There  is  a  great 
difference  between  them  is  habit ;  a  difference  which  it  is  difQcult 
to  define. 

4.  A.  eeltietu,  Barrett. 

This  species,  which  is  at  once  distiDguisbed  by  the  extreme 
length  of  the  dorsal  cirri,  is  abundant  at  depths  of  40  to  60  fathoms 
in  the  Minch,  and  we  also  met  with  it  in  local  patches  to  150 
fathoms  off  the  north  coast  of  Scotland. 

The  remaining  three  Crinoids  belong  to  the  section  of  the  Order 
which  are  permanently  stalked.  Two  of  the  three  are  new  to 
science,  and  the  third  was  discovered  in  the  year  1864  by  G.  0. 
Sars,  in  the  deep  water  off  the  Loffoden  Islands. 

Up  to  the  present  time  two  recent  species  hare  been  described 
belonging  to  the  Family  FasTia^nnBa.  Both  of  these  were  known 
only  from  the  deep  water  of  the  seas  of  the  Antilles.  Since  the 
discovery  of  the  first  of  these  in  the  year  1755,  they  have  been 
regarded  with  special  interest,  both  on  account  of  theii  great 
beauty,  and  of  the  singnlar  relation  which  they  bear  to  some  of  the 
most  abundant  and  characteristic  fossils  of  the  paleozoic  and 
mezozoic  formations. 

Pmfacr*nu«  asleria,  L.,  the  species  first  described  by  Guettard, 
and  afterwards  very  carefully  worked  out  by  Johannes  Miiller,  has 
a  stem  sometimes  nearly  a  metre  in  length  consisting  of  a  multitude 
of  discoidal  joints  about  every  seventeenth  of  which  bears  a 
circle  of  five  long  cirri  which  spread  out  rigidly  and  abruptly 
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from  the  joiDt,  tnrniBg  dowQ  booklike  towards  th«  tips.  Each 
cirras  coDnatB  of  about  36  joints.  The  nodal  joint,  that  ia  to  aa; 
the  joint  modified  for  the  insertion  of  the  cirri,  is  aingle ;  bat  it  ia 
united  to  the  joint  beneath  by  a  peculiar  suture  with  much  of  the 
character  of  a  eyzy gy.  Most  of  the  examples  of  P.  atteria  which 
have  reached  Europe  have  had  the  stem  recently  broken.  In  one 
however  in  my  poBBesHion,  the  stem,  which  is  nnuHually  abort,  bad 
evidently  given  way  at  one  of  these  joints  long  before  the  death  of 
the  animal,  for  the  surface  of  the  terminal  joint  is  smoothed  and 
ronnded,  and  the  terminal  row  of  cirri  are  curved  over  it.  This 
example,  at  all  events,  must  haye  lived  for  some  time  free. 

In  Pentacritau  att»ia,  the  basal  plates  of  the  cup  project  like 
smalt  round  buttons  over  the  ends  of  the  ealient  angles  of  the  first 
stem  joint.  The  first  radials  are  connected  with  the  second  radiala 
by  a  true  joint  with  muscles  and  ligaments,  and  the  second  radial  is 
united  to  the  radial  axillary  by  a  ayzygy.  There  are  from  70  to  120 
pinnated  arms.  There  is  constantly  a  syzygy  on  each  branch  at  the 
first  joint  beyond  each  bifurcation,  but  there  are  few  syzygies  on 
the  arms  after  their  last  bifurcation,  although  in  some  specimens 
one  is  met  with  here  and  there. 

All  the  examples  of  P.  atteria  in  European  museums  have  lost  the 
soft  parts  and  the  disk;  but  I  have  one  example  which  is  com- 
plete. The  mouth  is  central,  and  five  radial  grooves  pass  from  the 
edge  of  the  mouth-opening  to  the  proximal  ends  of  the  arms,  and 
become  continuous  with  the  brachial  grooves,  dividing  with  each 
bifuroation.  The  perisom  of  the  disk  ii  covered  with  irregular 
calcareous  plates,  and  at  the  free  inner  angles  of  the  interradial 
spaces  these  plates  become  closer,  and  form  a  solid  kind  of  boas ; 
but  there  are  no  distinct  oral  plates.  A  rather  long  anal  tube 
occupies  the  centre  of  one  of  the  interradial  spacea. 

PetUammu  mult^  (Erstedt,  seems  to  be  more  common  than  P. 
otterM  especially  off  the  Danish  West  Indian  Islands.  The  whole 
animal  ia  more  delicate  in  form.  The  stem  attains  nearly  the 
same  height,  but  is  more  slender.  The  nodes  occur  about  every 
twelfth  joint  and  at  every  node  two  stem-joints  are  modified.  The 
upper  joint  bears  the  facets  for  the  insertion  of  the  cirri,  and  the 
seoond  is  grooved  to  receive  the  thick  basal  portions  of  the  cirri, 
which  bend  downwards  for  a  little  way  cloaely  adpressed  to  the 
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stem  before  becoming  free.  The  cirri  are  mnoh  shorter  than  in 
P.  atteria.  The  lyzyg;  ie  between  the  two  modified  jointa.  In 
all  complete  Bpecimens  which  I  have  seen,  the  stem  has  evidently 
been  separated  for  long  at  one  of  these  syzygies.  1  described  Home 
years  ago  a  specimen  in  which  this  was  the  case,  and  snggested 
that  in  that  instance  the  animal  had  lived  for  some  time  free. 
I  have  since  seen  scTerol  other  examples  in  the  same  condition, 
and  I  belieTe  that  the  disengagement  at  a  certain  stage  of  growth 
is  habitaaL  The  vnugement  of  the  joints  and  syzygies  in  the  cup 
is  the  some  in  P.  miiUeri  as  in  P.  atteria,  only  the  sjzjgj  between 
the  second  radial  and  the  radial  axillaiy  is  not  so  complete.  The 
arms  are  more  delicate,  and  appear  never  to  exceed  thirty  in  nnm- 
ber.  The  nnmberofsyzygies  isvery  variable;  sometimes  they  are 
confined,  as  in  P.  oiterto,  to  the  first  joint  after  a  bifurcation,  and 
sometimes  they  occur  at  intervals  all  along  the  arms.  The  struc- 
ture of  the  disk  ia  the  same  as  in  P.  atteria,  but  its  texture  is  more 
delicate,  and  the  calcoreons  pieces  are  smaller  and  more  distant 

On  the  2lBt  of  July  1870,  Mr  Gwyn  Jefi'reys,  dredging  from 
the  "  Fonnpine,"  at  a  depth  of  1095  fathoms,  latitude  39°  12'  N. 
long,  d"  43'  W.,  with  a  bottom  temperature  of  4°'3  C,  took  about 
twenty  specimens  of  a  handsome  Pkntaoeinus  involved  in  the 
hempen  tangles  attached  to  the  dredge. 

1.  P.  wyviUe-thomioni,  Jefi'reys. 

This  species  is  intermediate  in  some  of  its  characters  between 
P,  atteria  and  P.  miUleri,  it  approaches  the  latter  however  most 
nearly.  lu  a  mature  specimen  the  stem  is  about  120  mm.  in 
length  and  consists  of  five  to  six  intemodes.  The  whorls  of  cirri 
towards  the  lower  part  of  the  stem  are  40  mm.  apart,  and  the 
intemodes  consist  of  from  thirty  to  thirty-five  joints.  The  cirri 
are  rather  short,  and  stand  out  straight  from  the  nodal  joint 
or  curve  slightly  downwards.  There  are  usually  eighteen  joints 
in  the  cirri,  the  last  forming  a  sharp  claw.  As  in  P.  atteria 
the  nodal  joint  is  single,  and  a  syzygy  separates  it  from  the 
joint  immediately  beneath  it  which  does  not  differ  materially  in 
form  from  the  ordinary  intemodal  stem-joints.  All  the  stems  of 
mature  examples  of  this  species  end  inferiorly  in  a  nodal  joint 
surrounded  by  ite  whorl  of  otrri,  which  curve  downwards  into  a 
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kind  of  gtappliog  root.  The  lowei  snrfaca  of  the  tenninal  joint 
iB  in  all  Bmoothed  and  nnmded,  evidently  by  absorption,  showing 
that  the  animal  baa  long  been  free.  This  character  I  have 
already  noted  as  occurring  in  some  Bpecimena  of  P.  imUeri  and 
in  one  at  least  of  P.  (uferia.  I  have  no  doubt  whatever  that  it  is 
oonataut  in  the  present  species,  and  that  the  animal  lives  loosely 
rooted  in  the  Boft  mud,  and  may  change  ita  place  at  pleasure 
by  Bwimming  with  its  pinnated  arms ;  that  it  is,  in  fact,  interme- 
diate in  this  respect  between  the  free  species  of  Antedon  and 
the  permanently  looted  fossil  crinoids. 

A  young  Bpecimen  of  P.  wyviUe-thonuoni  givA  the  mode  ia 
which  tbie  freedom  is  ac4;[uired.  The  total  length  of  this  specimen 
is  95  mm.,  of  which  the  head  occupies  35  mm.  The  stem  is 
broken  off  in  the  middle  of  the  eighth  intemode  from  the  head. 
The  lowest  complete  intemode  oonsistB  of  14  joints,  the  next 
of  18,  the  next  of  20,  and  the  next  of  26  joints.  There  are 
8  joints  in  the  cirri  of  the  lowest  whoil,  10  in  those  of  the 
second ;  12  in  those  of  the  third,  and  14  in  those  of  the  fourth. 
This  is  the  reverse  of  the  condition  in  adult  specimens,  in  all 
of  which  the  numbers  of  joints  in  the  intemodes,  and  of  joints 
in  the  cirri,  decrease  regularly  from  below  upwards.  The  broken 
intemode  in  the  yonng  example  and  the  three  intemodes  above 
it  are  atrophied  and  undeveloped;  and  suddenly  at  the  third  node 
from  the  head  the  stem  increases  in  thickness  and  looks  as  if 
it  were  fully  nourished.  There  can  be  no  doubt  that  in  early  life 
the  Crinoid  is  attached,  and  that  it  becomes  disengaged  by  the 
withering  of  the  lower  part  of  the  stem. 

The  stiucture  of  the  cap  is  the  same  as  in  P.  asteria  and  P. 
mUUeri.  The  basals  appear  in  the  form  of  shield'like  projections 
crowning  the  salient  acglee  of  the  stem.  Alternating  with 
these  we  have  well-developed  first  radials  forming  a  closed  ring 
and  articulating  to  free  second  radials  by  mascular  joints.  The 
second  ladials  are  united  by  a  syzygy  to  the  radial  axillaries, 
which  as  usual  give  off  each  two  first  brachials  from  theii  bevelled 
sides.  A  second  brachial  is  united  by  syzygy  to  the  first,  and 
normally  this  second  brachial  is  an  axiUaiy,  and  gives  off  two 
simple  arms ;  sometimes,  however,  the  radial  axillary  originates 
a  simple  arm  only  from  one  or  both  of  its  sides,  thus  reducing  the 
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total  number  of  the  arme,  and  BometimeB  one  of  the  font  arms 
given  off  from  the  brachial  azillaries  again  dividee,  in  which  case 
the  total  Dumber  of  aniie  ie  increased.  The  stmctore  of  the  disk 
IB  much  tbe  same  aa  Iq  the  species  of  the  genus  previously  known. 

The  Afioosinisx  to  which  the  remaining  two  fixed  Ciinoids 
must  be  referred,  differ  from  all  other  sections  of  the  order  in  the 
stiDctnre  of  the  upper  part  of  the  stem.  At  a  certain  point  conei- 
derahly  below  the  crown  of  arms  the  joints  of  the  stem  widen 
by  the  greater  development  of  the  calcified  ring,  the  central  cavity 
scarcely  increasing  in  width.  The  widening  of  the  etem-joint 
increases  upwards  until  a  pyriform  body  is  produced,  usually  very 
elegant  in  form,  in  which  one  would  suppose  looking  at  the  out- 
side that  the  viscera  were  lodged.  It  is,  however,  nothing  more 
than  a  symmetrical  thickening  of  the  stem,  luid  the  body  cavity 
occupies  a  shallow  depression  in  the  top  of  It  inclosed  within  the 
plates  of  the  cup;  the  basals  and  radials  are  much  thicker  and 
more  fully  calcified  than  in  other  ciinoids,  but  they  are  normally 
arranged. 

The  stem  is  usually  long  and  simple,  until  near  the  base,  where 
it  forms  some  means  of  attachment;  either  aa  in  the  celebrated 
pear  encrinites  of  the  forest-marble,  a  complicated  arrangement  of 
concentric  layers  of  cement  which  fix  it  firmly  to  eome  foreign 
body ;  or  as  in  the  ohalk  Bourgv^ticrinut  and  in  the  recent  Bhvm- 
crinut,  an  irregular  series  of  jointed  branching  cirri. 

The  Atiookikidjk  attained  their  maximum  during  the  Juragstc- 
period,  where  they  are  represented  by  numerous  and  fine  species 
of  the  genera  Apiocnmui  and  JfiUericrtnuc.  The  chalk  genus 
Bowguetticrinut  shows  many  symptoms  of  degeneracy.  The  head 
is  smal),  and  the  arms  are  small  and  short.  The  arm  joints  are  bo 
minute  that  it  ie  difficult  to  make  up  anything  like  a  complete 
eeriee  from  the  separate  fragments  scattered  through  the  chalk  is 
the  neighbourhood  of  a  cluster  of  heads.  The  stem,  on  the  other 
hand,  is  disproportionately  large  and  long,  and  one  is  led  to  suspect 
that  the  animal  was  nourished  chiefly  by  the  general  surface  absorp- 
tion of  organic  matter,  and  that  the  head  and  special  assimilative 
organs  are  principally  concerned  in  the  function  of  reproduction. 
The  genus  BaizooEmns  possesses  all  the  essential  characters  of 
the  family. 
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1.  B.  lo/otetui*,  M.  Sbtb. 

Thifi  species  waa  discovered  in  the  jetj  1864,  at  a  depth  of  about 
300_  fathoms,  off  the  Loffoden  lelands,  b;  G.  0.  San,  a  son  of 
the  celebrated  Professor  of  Natural  History  iu  the  tToiversity 
of  Chriatiania ;  and  it  waa  described  in  detail  by  the  latter  in  the 
year  1868.  It  ia  evidently  a  foim  of  the  Apiocrinidn  still  more 
degraded  than  Bovrguettierimii,  which  it  closely  reeemblea.  The 
stem  is  long  and  of  oonaideiable  thickness  in  proportion  to  the 
size  of  the  head.  The  joints  of  the  stem  are  individaally  long 
and  dice-box  shaped,  and  between  the  joints  spaces  are  left  on 
either  side  of  the  stem  alternately,  as  in  BourguMttcriimM,  and  in 
the  pentaorinoid  of  Antedon  for  the  insertion  of  fasoicles  of  oon- 
traotile  fibres.  Towards  the  base  of  the  stem  branches  spring  from 
the  npper  part  of  the  joints;  and  these,  each  composed  of  a  anc- 
cesflion  of  fpradnally  diminishing  joints,  divide  and  le-divide  into  a 
bunoh  of  fibres  which  expaod  at  the  ends  into  thin  calcareous 
laminee,  clinging  to  small  pieces  of  shell,  grains  of  sand — anything 
which  may  improve  the  anchorage  of  the  ciinoid  in  the  soft  mod 
which  is  nearly  universal  at  great  depths. 

In  Bhizoerititu  the  basal  series  of  plates  of  the  cnp  are  not  dig- 
tingnishable.  They  are  masked  in  a  closed  ring  at  the  top  of  the 
stem,  and  whether  the  ring  be  composed  of  the  fused  basals  alone, 
or  of  an  upper  stem-joint  with  the  basals  within  it  forming  r 
"  rosette  "  as  in  the  calyx  of  Anttdon,  is  a  question  which  can 
only  be  solved  by  a  careful  tracing  of  sQOOesaive  stages  of  develop- 
ment. The  first  radials  are  likewise  fused,  and  form  the  npper  wider 
portion  of  the  funnel-shaped  calyx  The  first  radials  are  deeply 
excavated  above  for  the  insertion  of  the  muscles  and  ligaments 
which  unite  them  to  the  second  radials  by  a  true  (or  moveable) 
joint.  One  of  the  most  remarkable  points  in  connection  with  this 
species  is,  that  the  first  radials,  the  first  joints  of  the  ann,  are 
variable  in  number,  some  examples  havingfour  rays,  some  five,  some 
six,  and  a  very  small  number  seven  in  the  following  proportions. 
Ont  of  seventy-five  specimens  examined  by  Sars,  there  were— 

15         with         4  arms. 

*3  »  5    „ 

15  „  6    „ 
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This  Tftriftbilit;  id  bo  important  a  choractBT,  particularly  when 
Bsaociated  with  bo  great  a  pTepoaderaDce  in  bulk  of  th«  regetative 
over  the  more  Bpecially  animal  parts  of  the  oi^anism,  muat  un- 
doubtedly be  accepted  as  indicating  a  deterioration  from  the 
aymmetry  and  compactneaa  of  the  Apioorinidte  of  the  Juraasic 
period. 

The  aschyloaed  ring  of  first  radials  is  snoceeded  by  a  tier  of  free 
second  radials,  which  are  united  by  a  straight  syzygial  suture  to 
the  next  series — the  radial  azillaries.  The  surface  of  the  funnel- 
shaped  dilation  of  the  stem,  headed  by  the  riog  of  first  radials,  is 
smooth  and  nnifonn,  and  the  Beoond  radials  and  radial  axillaries 
present  a  smooth  regulailj  arched  outer  surface.  The  radial 
axillaries  differ  from  the  corresponding  joints  in  most  other  known 
ciinoids  in  contracting  slightly  above,  presenting  only  one  arti- 
oulatiDg  facet,  and  giving  origin  to  a  single  arm.  The  arms,  which 
in  the  larger  specimens  are  from  10  to  12  mm.  in  length,  coUBist  of 
a  series  of  from  about  twenty-eight  to  thirty-four  joints,  uniformly 
tranaversely  arched  externally,  and  deeply  grooved  within  to 
receive  the  soft  parts.  Each  alternate  joint  bears  a  pinnule 
alternating  on  either  side  of  the  axis  of  the  arm,  and  the  joint 
which  does  not  bear  a  pinnule  is  united  to  the  pinnule-bearing 
joint  above  it  b;  a  syzygy :  thus  joints  with  mnscnlar  connections 
and  syzjgies  alternate  throughout  the  whole  length  of  the  arm. 

The  pinnnies,  twelve  to  fourteen  in  number,  consist  of  a  uniform 
series  of  minute  joints  united  by  muscular  connections.  The  grooves 
of  the  ann  and  of  the  pinnules  are  bordered  by  a  double  series  of 
delicate  round  fenestrated  calcareous  plates,  which,  when  the  animal 
is  contracted  and  at  rest,  form  a  closely  imbricated  covering  to  the 
nerve  and  the  radial  vessel  with  its  delicate  ctecal  tentacles.  The 
mouth  is  placed  in  the  centre  of  the  disk,  and  radial  canals,  equal 
in  nnmber  to  the  number  of  arms,  pass  across  the  disk,  and  are 
continuous  with  the  arm  grooves.  The  mouth  is  surrounded  by  a 
row  of  flexible  cirri  arranged  nearly  as  in  the  pentacrinoid  of 
AnUdon,  and  is  provided  with  five  oyal  calcareous  valve-like  plates 
occupying  the  interradial  anglea,  and  closing  over  the  mouth  at 
will,  A  low  papilla  in  one  of  the  interradial  apecies  indicates  the 
position  of  the  minute  excretory  orifice. 

Rknocrinm  UtftAenn*  is  a  very  interesting  addition  to  the  British 
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Fauna.  We  met  with  it  in  the  Faetoe  Channel  in  the  yeu  1869, — 
three  examplea,  greatly  mutilated,  at  a  depth  of  530  feet,  with  a 
bottom  temperatare  of  6°'4  C.  Station  12(1668) — Several  occurred 
attached  to  the  beards  of  HoUeniee  off  the  Butt  of  the  Lew*, 
and  speoimene  of  conaiderahly  greater  size  were  dredged  in  862 
fathoms  off  Cape  Clear.  The  range  of  this  speciea  ia  evidently  very 
wide.  It  has  becii  dredged  hy  G.  0.  Sars  off  the  north  of  Norway; 
by  Count  Fourtales,  in  the  Gulf-stream  off  the  coast  of  Florida ;  hy 
the  natural!  Bta  on  hoard  the  "Josephine"  on  the"  Josephine  Bank" 
near  the  entrance  of  the  Strait  of  Gibraltar ;  and  by  ourselves 
between  Shetland  and  Foeroe,  and  off  TTsbant  aud  Cape  Clear. 

'The  Genus  Bathyokikub  (n.  g.)  must  also  apparently  be  re- 
ferred to  the  ApiooBDiiiiiK,  since  the  lower  portion  of  the  head 
consists  of  a  gradually  expanding  funnel-shaped  piece,  which  seems 
to  be  composed  of  coalesced  upper  stem-joints. 

1.  B.  graeilit  (n.  ep.). 

The  stem  is  long  and  delicate,  in  one  example  of  a  stem  alone, 
which  came  up  in  the  same  haul  with  the  one  perfect  example 
which  was  piocnred,  it  was  90  mn),  in  length.  The  joints  ue 
dice-box  shaped  as  in  Blivsocrimu,  long  and  delicate,  towards  the 
lower  part  of  the  stem  3*0  mm.  in  length  by  0*5  mm,  in  width  in 
the  centre,  the  ends  expanding  to  a  width  of  I'O  mm.  As  in 
ShitoeritiKi,  the  joints  of  the  stem  diminish  in  length  towards 
the  bead,  and  additions  are  made  in  the  form  of  calcareous  laminie 
beneath  the  coalesced  joints  which  form  the  base  of  the  cup. 

The  first  radials  are  five  in  number.  They  are  closely  opposed, 
but  they  do  not  seem  to  be  fused  as  in  Shixoerimu,  as  the  sntures 
show  quite  distinctly.  The  centre  of  each  of  the  first  radials 
rises  into  a  sharp  heel,  while  the  sides  are  slightly  depressed 
towards  the  sutures,  which  gives  the  calyx  a  fluted  ^pearance, 
like  a  folded  filter  paper.  The  second  radiala  are  long  and  free 
from  one  another,  joining  the  radial  axillaries  by  a  straight 
syzygial  union.  They  are  most  pecnliar  in  form.  A  strong 
plate-like  keel  runs  down  the  centre  of  the  outer  surface,  and  the 
joint  is  deeply  excavated  on  either  side,  rising  again  slightly 
towards  the  edges.  The  radial  axillary  shows  a  continuation  of 
the  same  keel  through  its  lower  half,  and  midway  up  (be  joint  the 
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keel  bifurcates,  leaving  a  very  characteriHttc  diamoud-Bhaped  epaoe 
iD  the  centre  towards  the  t^tp  of  the  joint.  Two  facets  are  thns 
formed  for  the  insertion  of  two  first  radials.  The  oamber  of  arms 
is  therefore  ten.  The  arms  are  perfectly  simple,  and  in  our  single 
specimen  conalat  of  twelve  joints  each.  There  is  no  trace  of 
pinnules,  and  the  arms  resemble  in  chia«cter  the  pinnules  otJthito- 
erimts.  The  first  brachial  is  united  to  the  second  by  a  syzygial 
joint,  but  after  tfaat  the  eyzygies  are  not  repeated,  so  that  there  is 
only  one  of  these  peculiar  junctions  in  each  arm.  The  arm-grooves 
are  bordered  by  circular  fenestrated  plates  as  in  Shixocrinvt. 

Certain  marked  resemblances  in  the  stmctnte  of  the  stem,  in  the 
structure  of  the  base  of  the  cup,  and  in  the  form  and  arrangement 
of  the  ultimate  parts  of  the  anas,  evidently  associate  BathycriniM 
with  Shisoeri'Mu ;  but  the  difiereaces  are  very  wide.  Five  free 
keeled  and  sculptured  first  radials  replace  the  uniform  smooth  ring 
formed  by  these  plates  in  Wiixoeriaui.  The  radial  axillories  give 
off  each  two  arms,  thns  recurring  to  the  more  usual  arrangement 
in  the  order,  and  the  alternate  eyzygies  on  the  arms,  which  form  so 
remarkable  a  character  in  ShizocrinuB,  are  absent. 

Only  one  nearly  complete  specimen  and  a  detached  stem  of  this 
very  remarkable  species  were  met  with,  and  they  were  both  brought 
up  from  the  very  greatest  depth  which  has  as  yet  been  reached 
with  the  dredge,  3435  fathoms,  at  the  mouth  of  the  Bay  of  Biscay, 
200  miles  south  of  Cape  Clear. 

S.  Laboratoiy  Notes.  By  Professor  Tait. 
1.  On  Thermo-electricity :  Circuits  with  more  than  one  Neutral 
Point.  (With  a  Plate.) 
Having  lately  obtained  from  Messrs  Johnson  &  Matthey  some 
wires  of  platinum,  and  of  alloys  of  platinum  and  iridinm,  1  formed 
them  into  circuits  with  iron  wire  of  commerce;  and  noticed  that 
with  all,  excepting  what  is  called  "  soft "  platinum,  tLere  is  more 
than  one  neutral  point  situated  below  the  temperature  of  low  white 
heat,  and  that  at  higher  temperatures  other  neutral  points  occur. 
This  observation  is,  in  itself,  highly  interesting;  but  my  first  im- 
pression was  one  of  disappointment,  as  I  imagined  it  depended  on 
some  peculiarity  of  the  platinum  metaU,  which  I  had  hoped  would 
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fnTnieh  me  with  the  meana  of  accurately  meaenring  high  temper- 
atarea  (b;  a  pioc«BB  desoribed  in  previous  notes  of  this  seriea).  As 
this  hope  may  possibly  not  be  realised,  I  can  as  yet  make  only 
rough  approximations  to  an  estimation  of  the  temperatures  of  these 
neutral  points. 

So  far  as  I  am  aware,  the  phenomenon  discovered  by  Cnm- 
misg  and  analysed  by  Thomson  has  hitherto  been  described 
thus :  When  the  temperature  of  the  cold  junction  is  below  the 
neutral  point,  the  gradual  raising  of  the  temperature  of  the 
other  produces  a  current  which  increases  in  intensity  till 
the  neutral  point  is  reached,  thenceforth  diminishes;  vanishes 
when  one  junction  is  about  as  much  above  the  neutral  point 
as  the  other  is  below  it,  and  is  revened  with  gradually  in- 
creasing intensity  as  the  hot  junction  is  farther  heated.  To 
discover  how  my  recent  observation  affocte  this  statement,  I  first 
simply  heated  one  junction  of  a  circuit  of  iron  and  (hard)  platinum 
gradually  to  whiteness,  by  means  of  a  blowpipe,  and  observed  the 
indications  of  a  galvanometer — both  during  the  beating  and  during 
the  subsequent  cooling  when  the  flame  was  withdrawn.  The  beat- 
ing could  obviously  not  be  effected  at  all  so  uniformly  as  the 
cooling;  but,  making  allowance  for  this,  the  effects  occurred  in 
the  opposite  order,  and  very  nearly  at  the  same  points  of  the  scale 
in  the  descent  and  in  the  ascent.  [I  have  noticed  a  gradual  dis- 
placement of  the  neutral  points  when  the  junction  was  heated  and 
cooled  several  times  in  rapid  succession  ;  but  as  my  galvanometer, 
though  it  comes  very  quickly  to  rest,  is  not  quite  a  dtad-beat 
instrument,  I  shall  not  farther  advert  to  this  point  till  I  have  made 
experiments  with  an  instrument  of  this  more  perfect  kind,  which 
is  now  being  constructed  for  me.]  The  observed  effect  of  heating, 
then,  was  a  rise  from  zero  to  110  scale  divisions  when  the  higher 
temperature  was  that  of  the  first  neutral  point,  then  descent  to  95 
at  a  second  neutral  point,  then  ascent  to  a  third,  descent  to  a 
fourth,  neither  of  which  could  be  at  all  accurately  observed,  and 
finally  ascent  until  the  junction  was  fused. 

With  an  alloy  of  15  per  cent,  iridium  and  85  per  cent,  platinnm, 
the  galvanometer  rose  to  535  at  a  neutral  point,  then  fell  to  -  50 
at  a  second,  then  rose  to  a  third  at  —  89'5,  and  thence  fell,  hut  I 
could  not  observe  a  possible  fourth  neutral  point  on  account  of  the 
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faeion  of  the  iroD.  Ab  shovu  on  the  plate,  the  fitst  of  them  oocnn 
at  about  240°  G.  of  a  mercurial  thenuometer. 

With  anothei  alloy  BUpposed  to  be  of  the  same  metals,  but  of 
whioh  I  do  not  yet  know  the  oompoBition,  also  made  iuto  a  junction 
with  iron,  the  beb&Tiaar  wbb  nearly  the  Bame,  but  the  leodinge  at 
the  SDCoeBBiTe  neutral  points  were  26,  -  1S7,  -  132.  Tbetempeia- 
ture  of  the  first  is  about  200°  C.  by  meicurial  thermometer. 

An  iron-palladium  circuit  showed  no  neutral  points  within  the 
great  range  of  tempeiatnreB  mentioned  above ;  though  it  showed 
a  remarkable  peculiarity  which  must  be  more  closely  studied,  as  it 
appears  to  point  to  the  cause  of  the  above  effects  in  a  property  of 
iron.  It  was  therofore  employed  to  give  (very  roughly]  an  indica- 
tion of  the  actual  temperatures  in  these  experiments.  But  as  for 
this  purpose  it  is  neoessary  to  measure  the  simultaneous  indica- 
tions of  two  oirouits  whose  hot  and  whose  cold  junctions  aro  respec- 
tively at  the  same  temperatures,  I  was  obliged  to  employ  a  steadier 
source  of  heat  than  the  naked  flame.  I  therefore  immersed  the  hot 
junctions  in  an  iron  crucible  containiog  borax  glass,  subsequently 
exchanged  for  a  mixture  of  fused  carbonate  of  soda  and  carbonate 
of  potash;  but,  to  my  enrpriae,  the  former  of  these  Bubstances  at  a 
red  heat  disintegrated  both  the  platinum  and  the  alloy,  and  thns 
broke  both  circuits  without  sensibly  acting  on  the  iron,  while  the 
mixture  (evidently  by  the  powerful  currents  discovered  by  Andrews, 
Phil.  Mag.  1837)  interfered  greatly  with  the  indications  of  the 
thermo-electric  circuit,  as  will  be  seen  by  the  dotted  curve  in  the 
plate.  [I  may  remark  here  that  the  deviations  of  this  curve  from 
its  form  when  these  currents  are  prevented  are  quite  easily  observed 
and  plotted  by  the  process  next  to  be  mentioned,  so  that  the  study 
of  the  Andrews'  effect  may  be  carried  out  with  great  accuracy  by  my 
method.]  Finally,  determining  to  dispense  altogether  with  fused 
salts,  which  conduct  too  well  besides  acting  on  the  metals,  I  simply 
suspended  a  rod-faot  bombshell,  vent  downwards,  in  such  a  way  that 
the  hot  junction  was  near  its  centre.  This  arrangement  worked 
admirably,  until  a  white  heat  was  required,  for  this  melted  the 
shell.  In  its  place  a  wrought  iron  tube  (an  inch  in  bore,  four 
inches  long,  half  an  inch  thick,  and  closed  at  the  upper  end)  has 
been  substituted  and  answers  excellently.  It  does  not  cool  too  fast 
for  accurate  reading  at  the  higher  temperatures,  and  by  elevating 
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it  by  degrees  from  ovei  the  hot  junction  we  can  make  the  cooling 
fast  enough  at  the  lower  ranges.  In  fact,  I  believe  that  if  I  do 
nut  ancceed  in  getting  a  sufficient  number  of  practically  infaeible 
metals  to  construct  my  proposed  thermometrio  arrangement,  I  may 
be  able  to  make  a  fair  approximation  to  temperatures  by  simple 
time  observations  made  with  the  hot  tube,  snrrounded  by  some 
T6iy  bad  oonductoi,  such  as  sand,  where  the  snrrace  in  contact 
with  the  air  is  always  comparatively  cool,  and  where  therefore  we 
can  accurately  calculate  the  rate  of  cooling. 

Curves  I.,  II.,  III.,  in  the  plate  were  drawn  by  means  of  this 
apparatus.  The  hot  janction  coneisted  of  an  iron  wire,  a  palladiam 
wire,  and  (for  the  several  carves  in  order) — I.  Hard  platinum ; 
II.  Ft  85,  Ir  15 ;  III.  The  other  alloy  of  Pt  and  Ir.  The  free 
ends  of  the  palladium  wire,  and  of  the  platinum  or  alloy,  were 
joined  to  iron  wires,  and  the  juDctions  immersed  in  test-tubes  filled 
with  water  resting  side  by  side  in  a  large  vessel  of  cold  water. 
The  other  ends  of  these  three  iron  wires,  and  the  wires  of  the 
galvanometer,  were  led  to  a  sort  of  switch,  by  means  of  which 
either  circuit  could  be  instantly  made  to  include  the  galvanometer. 
Seadings  were  taken  of  each  circuit  as  fast  after  one  another  as 
possible  (with  the  galvanometer  I  employed  aboat  6'5  seconds  was 
the  nteeuary  interval),  and  the  mean  of  two  successive  readings  of 
one  circuit  was  taken  as  being  at  the  same  temperature  as  that  of 
the  intermediate  reading  of  the  other. 

The  indications  of  these  curves  are  very  curious  as  regards  tbs 
effect  of  even  small  impurities  on  the  thermo-electric  relations  of 
some  metals.  It  is  probable,  from  analogy,  that  the  curve  for  iron 
and  pure  platinnm,  in  terms  of  temperature,  would  be  (approxi- 
mately, at  least ;  even  if  it  should  be  the  iron,  and  not  the  platioum 
metal,  which  is  represented  by  a  broken  oi  curved  line)  a  parabola 
with  a  very  distant  vertex.  And  it  appears  probable  that  when 
the  wire  of  curve  III.  is  analysed  it  will  be  found  to  contain  even 
a  larger  percentage  of  iridium  (?)  than  that  of  curve  II. 

I  find,  by  tracing  these  curves  on  ground  glass,  allowing  for  the 
difference  between  temperatures  and  the  indications  of  an  Fe-Pd 
circuit,  and  superposing  them  on  a  nest  of  parabolas  with  a  com- 
mon vertex  and  axis,  that  they  can  be  closely  represented  by  anc- 
cessive  portions  of  different  parabolas  (with  parallel  axes)  whose 
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tangents  coincide  at  the  [tointa  of  junction,  though  the  curvature 
Ib  necessarily  not  continuoQB  from  one  to  the  other.  Hence,  as  at 
least  a  fair  approximation  to  the  electro-niotiTe  force  in  terms  of 
difference  of  temperature  io  the  junotionB,  we  ma;  assume  a  para- 
bolic function,  vbicb  up  to  a  certain  temperature  belongs  to  one 
parabola,  then  changes  to  another  without  discontinuity  of  direc- 
tion, and  so  on. 

Hence  either  the  iron,  or  the  hard  platinum  and  the  platinum- 
iridinm  alloys,  will  be  (approximately,  at  least)  represented  on  my 
form  of  Thomson's  thermo-electric  diagram  (anli  p.  601)  by  broken 
lines,  of  which  the  successive  parts  are  straight.  This,  contrasted 
with  the  (at  least  nearly)  straight  lines  for  pure,metals,  seems 
to  show  that  some  bodies  take  BnccesBively  different  states  (i.e., 
become  different  subttaTtcat)  at  certain  "  critical "  temperatures,  re- 
taining their  thermo-electric  properties  nearly  unchanged  from  one 
of  those  critical  points  to  another. 

The  curve  marked  IV.  in  the  figure  was  obtained  by  plotting 
against  each  other  the  simultaneous  indicationsof  the  alloy  of  curve 
III.  and  iron,  and  of  the  alloy  of  curve  II.  and  iron,  so  as  to  avoid 
any  disturbance  from  possible  peculiarities  of  palladium.  Then,  to 
obtain  an  idea  of  the  share  taken  by  iron  in  the  results,  it  was  found 
that  the  electro-motive  force  in  a  circuit  formed  by  the  two  alloys, 
or  by  either  with  hard  Pt,  is  (for  a  very  great  range  of  temperature) 
sensibly  proportional  to  the  temperatuiedifference  of  the  junctions. 
The  same  reenlt  is  easily  seen  from  the  plate,  if  we  notice  that 
the  difference  of  corresponding  ordinatee  in  any  two  of  curves  I., 
II.,  III.,  is  nearly  proportional  to  the  corresponding  abscissa.  Now, 
it  seems  a  less  harsh  supposition  that  the  lines  representing  pla- 
tinam  and  its  alloys  are  nearly  straight  and  parallel,  while  that  of 
iron  is  a  broken  line,  than  that  the  latter  should  be  straight  and 
the  former  all  broken  at  the  same  temperatures.  On  the  other 
hand,  this  latter  hypothesis  wonld  make  k  alternately  negative  and 
positive  in  iron,  while  the  former  would  only  require  the  platinum 
metals  to  have  values  of  k  alternately  less  and  more  negative  than 
that  of  iron. 

1  may  add  that  none  of  the  above-mentioned  effects  can  be  due 
to  altered  electric  resislauce  of  the  heated  junctions,  because  the 
galvanometer  resistance  was  about  23  B.  A.  units,  while  that  of  the 
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iron  uid  platinnm  wires  together  wu  in  each  case  not  more  than 
one  sack  unit.  The  palladivm-iron  oiicnit  was  eo  mnch  more 
powerful  than  tbb  othere  that  a  resistftnce  coil  of  about  146  B.  A. 
unite  had  to  be  inserted  in  ita  course. 

Aseuming,  for  a  moment,  that,  as  above  snggested  as  at  least 
approximate!;  tnie,  in  one  of  the  witee  we  have  tr  =  k,t  up  to 
the  temperature  („  tr  =  i^  up  to  temperature  ^,  &c.,  ve  hare  by 
the  two  equations  of  thennordjn amies — 

E  =  j(sn  +  3,'J'^*'a-rdt'^ 

Now,  if  both  juDctions  be  under  t, ,  and  if  a-  =  it  for  the  other  wire, 
SB  =  JCSn  +  k^ktSl) 
0  -  8j  +  (k,-k)St, 
and  we  have  as  before,  t,  being  temperature  of  cold  junction, 
°.-(i,-i)(T-l) 
E.-(i.-i)(l-(j(T-^). 
But  from  t,  to  t,  ve  have 

5  =  -(i,_l,)(T,-l) 

E  =  0-(li-l)(l-0(T,-LL4). 

Now,  ii  t-t^  these  formnln  ma§t  agree,  BO  that 
(i,-li)(T,-l,)=(i,-li)(T-0 

0  =  (<,-«{(<i-S)T.-ft-4)T-ft-i,)i±i}, 
whence 

'  k,-k  ' 

and 

c = ((,  -  Q(k,  -  fc.)(i.  -^J-')=  liK^kxt,  -  t,r. 
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I  Teserre  farther  developmeiita  of  this  subject  antil  I  have  made 
B  BufBcient  namher  of  experimeDts  with  both  junctions  at  high 
temperaturee,  particularly  when  tfaeee  are  two  of  the  seriefl  of 
neutral  points ;  and  especially  nntil  I  manage  to  settle,  by  one  at 
least  of  several  processes  which  have  occurred  to  me,  whether  the 
multiple  nentral  points  depend  upon  pecnlianties  in  the  behaviour 
of  the  iron,  or  of  the  platinum,  or  of  both. 

[Added  during  printing. — I  have  BiDoe  made  out  that  the  lines 
of  the  diagram  are  approximately  straight,  and  parallel  to  the  lead 
line,  for  the  platinum  metals,  that  of  hard  platinum  being  below  the 
lead  line,  while  those  of  most  of  the  other  alloys  are  above  it,  and 
that  the  moltiple  neutral  points  depend  upon  the  peculiar  sinuosity 
of  the  line  for  iron.  I  have  also  obtained  curious  results  of  a  some- 
what similar  kind  with  steel  wire.  The  method  I  employed  was 
to.explore  the  part  of  the  thermo-electric  diagram  included  between 
the  lines  of  gold  and  palladium,  hy  making  a  multiple  arc  of  these 
two  metals,  and  varying  the  ratio  of  their  separate  resiBtances.  But 
I  reserve  details  until  I  have  carefully  examined  the  behaviour  of 
nearly  pure  iron.] 

2.  On  a  Uethod  of  Exhibiting  the  Sympathy  of  Pendulums. 

While  making  some  magnetic  experiments  lately  with  Ur  Fox 
Talbot,  I  happened  to  notice  that  tivo  equal  rectangular  pieces  of 
tin  |date,  when  standing  nearly  parallel  to  one  another  on  the  pole 
of  a  lai^e  electromagnet,  acted  on  one  another  so  that  a  vibration 
commnnicated  to  either  was  in  a  few  seconds  handed  over  to  the 
other,  and  vice  wrtd. 

The  definitenese  of  the  result  led  me  to  try  the  experiment  with 
ordinary  bar  magnets.  Taking  two  large  magnetised  bars  of  almost 
exactly  equal  mass,  I  suspended  them  with  their  axes  in  the  same 
horizontal  line,  so  that  their  (small)  vibrations  were  executed  in 
that  line,  their  nndistnrbed  periods  being  very  nearly  equal,  and 
the  distance  between  them  (when  at  rest)  so  small  compared  with 
their  lengths,  that  we  need  consider  only  the  magnetic  action  of 
the  tWo  poles  nearest  together.  With  this  apparatus  the  transfer 
of  energy  from  one  pendulum  to  the  other  is  most  beautifully 
.  exhibited,  for  if  one  only  be  in  motion  at  starting,  the  magnets 
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alternately  come  sharply  to  rest  at  BUCcesBiTe  equal  interrals  of 
time.  This  arrangement  makes  an  excellent  and  inBtructiTe  class 
experiment,  and  its  value  may  be  greatly  increased  by  placing  round 
the  exterior  end  of  one  of  the  magnets  a  vertical  coil  of  copper' 
vire  connected  with  a  distant  galvanometer.  The  natiue  of  the 
motion  of  this  m^^et  at  any  instant  is  readily  deciphered  from 
the  signals  given  by  tbe  reflected  light  on  the  galvanometer  scale, 
which  is  also  visible  to  tbe  vbole  class.  A  more  complex,  but 
with  practice  easily  intelligible,  signal  is  given  by  placing  the  coil 
round  the  contiguous  ends  of  the  magnets. 

The  extension  of  this  arrangement  to  three,  fonr,  and  more  eqaal 
magnets,  all  vibtattng  in  one  line,  and  of  nearly  equal  mass, 
magnetic  power,  and  (independent)  period  is  of  course  obvioua,  and 
forms  a  beautiful  mechanical  illustration  of  tbe  solution  of  a  differen- 
tial equation. 

In  thinking  bow  most  simply  to  explain  such  results  to  an 
elementary  class,  I  was  led  to  the  following,  which  can  hardly  Iw 
new,  though  I  have  never  met  with  it,  bat  which  is  certainly  not 
as  weU  known  as  it  ought  to  be.  Take  first  tbe  case  of  the  two 
equal  magnets. 

Since  there  are  but  two  moving  parts  of  the  system,  and  each 
has  but  one  degree  of  freedom,  it  is  obvious  that  if  we  can  find  iw> 
different  forms  of  motion  of  tbe  system  which,  once  established, 
will  persist  for  ever,  any  motion  whatever  of  tbe  system  must  be  a 
mere  superposition  of  these  two  modes  with  arbitrary  ampUtndes 
and  epochs.  Now,  one  such  mode  is  obviously  the  motion  of  tbe 
pendulums  <u  one  piece  at  their  equilibrinm  distance  from  one 
another.  As  the  magnetic  force  does  not  vary  during  this  motiou, 
the  time  of  vibration  is  that  of  either  pendulum  when  left  to  itself. 
The  other  fundamental  mode  is  that  in  which  the  centre  of  inertia 
of  the  two  remains  fixed,  «.«.,  the  simultaneous  displacements  of 
the  two  magnets  are  equal  and  in  opposite  directions.  The  time 
of  small  oscillations  now  will  evidently  be  the  same  as  if  one  of  the 
magnets  were  held  fixed  and  its  magnetic  strength  doubled.  It 
will,  therefore,  be  shorter  or  longer  than  the  former  period,  according 
as  the  poles  presentej  to  one  another  attract  or  repel,  and  its 
actual  valne  is  easily  calculated.  Hence,  as  these  small  motions 
separately  can  be  represented  by  expressions  such  as  cos  (mt  +  t), 
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CM  (m'l  +  ty,  the  period  of  any  complex  Ttbratton  is  _  ■>  ,  and 
therefore  at  interrale  of the  coDfignratioD  of  the  magneta 

will  be  the  aame  to  a  apectator  who  changes  the  side  from  which 
he  regards  them  in  succeoBive  such  inteirals.  Thus,  if  one  magnet 
was  originally  at  rest,  the  two  will  alternately  be  reduced  to  rest. 

When  there  are  three  eqnal  magnets,  it  is  easy  to  eee  that  one 
fundamental  mode  is  a  swing  of  the  whole  as  one  piece,  a  second 
(if  we  suppose  like  or  nnlike  poles  adjacent  to  each  other  at  each 
gap)  is  the  middle  magnet  and  the  centre  of  inertia  of  the  other 
two  fixed,  and  the  third  has  also  the  centre  of  inertia  fixed,  hat  the 
two  extreme  magnets  are  at  each  instant  equally  defleoted  in  the 
same  direction,  while  the  middle  one  has  a  double  defection  to  the 
opposite  side.  It  is  troublesome,  but  not  difficult,  to  think  out  the 
fundamental  modes  for  four  and  even  for  five  magnets ;  but  it  would 
be  a  waste  of  time  to  try  it  in  that  way  for  more. 

Generally  if  Xr  denote  the  displacement  at  time  t  of  the  rth 
magnet,  and  if  we  assume  the  maBses,  magnetisation,  and  gaps  to  be 
equal,  we  have 

=  T(i«V-i  +  *r+i  -  2av). 

except  for  the  ends  of  tbe  series  where  r  ^  1,  and  r  =  m,  the  number 
of  magneta. 
Hence,  multiplying  by  V  and  adding,  we  have 

f  +  p'i-o, 

where 

'''— — XT ' \ "  *°- 

It  will  be  sufficient  to  work  this  out  for  three  magnets.  Here,  if 
we  put  -^  =  e ,  we  have 

TOL.  VII.  5  L,-,  , 
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E!=l+e-e^  =  -A+l+2e-^e=  .^e  +  l  +  j 

.-.   ^  =  ^,or\,  =  Aj.beflidae  A,=  0; 
A,       A, 
irhence 

A,  X,^         A, 


U)  *^" 


-2,  or  0. 


Thnsp*  =  «*,  or  n*(l  +  3e),  or  n»(l  +  e).  There  is  do  farther 
difficulty  in  applying  the  method  to  magnets  of  different  masses  or 
magnetic  Btreagths ;  hut  it  is  interesting  to  obserTe  that,  by  pro- 
perly adjusting  the  gaps  in  terms  of  the  masses  and  magnetisation 
of  the  bars,  any  eet  of  magnets  whatever  can  be  brought  to  behave 
(for  small  oscillatious)  as  if  they  were  in  all  respects  equal  to  each 
other  and  arranged  at  equal  distances. 

When  there  is  an  infinite  series  of  mt^ets  arranged  in  this  way 
the  equation  above  may  be  written 

where 

of  which  the  general  integral  is  easily  found. 

When  the  number  of  magnets  (in)  is  finite,  and  they  are  arranged 
ID  a  closed  curve,  we  have  the  conditional  equation 
(D"  -  l)x,  =  0. 

In  this  case  the  general  solution  may  be  elegantly  expressed  in 
terms  of  the  m""  roots  of  unity.  It  leads  to  some  curious  proper- 
ties of  determinants,  whose  development  will  form  an  ezceUent 
exercise  for  the  student.  Thns,  writing  in  succession  1,2, ....,  m 
for  r ;  and  putting 
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the  first  of  Uie  above  eqnBtioos  giveB,  by  the  help  of  the  second, 
After  the  elimination  of  the  displacemeutE 

(-2       1  1 

1        1-2        1 

1  1-2         1 

11-2         1 


This  it  a  particnlar  case  of  Ihe  determinant, 


p     g     r     <  . 
y    «    P     2  . 


which,  eqnated  to  zero,  gives  the  result  of  elimination  of  0  between 
the  equation  B 

p  +  q$  +  Te'+ +  «^~'  =  0, 

fl"-  1  =  0. 

Its  factors  are  ohTJously  to  be  foond  by  substituting  in  Buccession 
the  eeveral  nt'"  roots  of  unity  in  the  expression 

p  +  i$  + +  tff-^. 

The  form  of  its  minoTB,  on  which  depends  the  aolation  of  the  pen- 
dulum question,  foUows  easily  from  these  properties;  and  from 
them  we  in  turn  easily  obtain  the  value  of  the  samo  determinant 
when  bordered,  as  it  will  be  in  the  pendulum  cose  if  the  series  of 
magnets  be  finite  and  not  closed.  The  question  forms  a  very  in- 
teresting illustration  of  the  linear  propagation  of  disturbances  in  a 
medinm  consisting  of  discrete,  massive,  particles — when  only  con 
tignouB  ones  act  on  one  another.    For,  if  we  put 
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aad  alter  the  value  of  ^  we  have  b;  taking  a  email, 

which,  with  «  ■  0 ,  is  the  usual  equation  for  sound,  provided  the 
particles  repel  one  another.  Of  course  we  can  easily  extend  the 
iDvestigatioQ  bo  as  to  include  the  more  complex  cases  where  the 
mutual  actions  of  all  the  poles  are  taken  into  account.  The  result 
is  not  altered  in  form ;  but  it  might  be  curious  to  inquire  whether 
the  retention  of  n'  in  the  equation  might  not  give  some  hints  as  to 
the  formation  of  a  dynamical  hypothesis  of  the  action  of  transparent 
solids  on  the  luminiferous  ether.  This,  however,  I  cannot  enter 
upon  at  present 

4.  On  Some  Quaternion  Integrals.    Fart  11.    Bj  Professor 
Tait. 
(Abilraa.') 
Commencing  afresh  with  the  fundamental  integral 


v  =  .^ 

.nd  we  h.™ 

#(s.|3v)»j,.j;-«s.;ec»i.i 

from  which  at  once 

,^.*=JuCi.ii,      . 

■    (.<■). 

£^,d,^jrv,.,d,.      .        . 

.    (J). 

Putting  u,r  for  t,  and  taking  the  scalar,  we  have 

^(S(tT)  . «,  +  u,S .  Tt)  (is  = /«,S .  Uvr  A 
whence 

As  one  example  of  the  important  results  derived  from  these 
simple  formula,  I  take  in  this  abstract  the  following,  viz. : — 
^ V .  (V .  <r  TJ.)  tA  =^a-S .  UvT  A  -  ^Uv  S .  *-Trf. , 
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where  by  (c)  and  (a)  we  see  that  the  right  hand  member  ma;  be 
written 

=j2?'CS.(rV)<r-  +  a-S.  Vt  -  VS.frr)* 

=  -^v.vcT<^)td. (d). 

This,  and  similar  formute,  are  applied  in  the  paper  to  find  tbe 
potential  and  vector-force  due  to  varions  distributions  of  magnetism. 
To  show  how  this  is  introduced,  I  briefly  sketch  the  mode  of  ex- 
pressing the  potential  of  a  distribution. 

Let  a-  be  the  vector  expressing  the  direction  and  intensity  of 
magnetisation,  per  luit  of  votame,  at  the  element  dt.  Then  if  tbe 
magnet  be  placed  in  a  field  of  magnetic  force  whose  potential  is  u, 
we  have  for  its  potential  energy 

=    MfuS(yr)di-ffu8.Vv<rd>. 

This  shows  at  once  that  the  magnetism  may  be  resolved  into  a 
volume-density  myr),  and  a  surface-density  -  S .  Vrir .  Hence, 
for  a  Bolenoidal  distribution, 


What  Thomson  has  called  a.  lamellar  distribution  {Phil.  Trant. 
1852),  obviously  requires  that 

S.rdp 

be  integrable  without  a  factor;  i.e.,  that 

V.Vo--  0. 

&  complex  lamellar  distribution  requires  that  the  same  expression 
be  integrable  by  the  aid  of  a  factor.     If  this  be  u,  we  have  at  once 

V.V(t«r)=  0, 
or 

S.trVo-  =  0. 
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With  these  prelimiDoiies  ve  see  at  once  that  (d)  may  be  written 

Jjr\.(y.rVy)Tdt  =  -  j2n^.TV.Vtf-ds  -_^V.<rV«fe  +_^SaV.nfc. 

Now,  if  r  =  ^l"  )>  ^^^f^  '  is  the  diataDce  between  any  external 
point  and  the  element  <U,  the  last  tenn  on  the  right  is  the  vectoi- 
foice  exerted  by  the  magnet  on  a  unit  pole  placed  at  the  point. 
The  eeoond  term  on  the  right  Tanishes  by  Laplace's  eqaation,  and 
the  first  vanishes  as  above  if  the  distribution  of  magnetism  be 
lamellar,  thus  giving  Thomson's  result  in  the  form  of  a  sarface 
integral. 

Another  of  the  applications  made  is  to  Ampere's  Directrice  de 
faction  iieetrodynamigutf  which  (Quarterly  Math.  Jmimal,  Jan. 
1660)  is  the  vector-integral 


where  dp  is  an  element  of  a  closed  circuit,  and  the  integration 
extends  round  the  circnit.  This  leads  again  to  the  consideration 
of  relations  between  single  and  double  integrals. 

[Ueie  it  may  be  well  to  note  that,  by  inadvertence,  I  wrote  r 
for  T  towards  the  end  of  the  abstract  of  the  former  part  of  this 
paper,  thus  giving  the  lesnlt  a  false  generalisation  depending  on 
the  fact  that  t  had  been  made  subject  to  the  condition 

S .  Vt  =  0 , 

while  no  such  restriction  was  imposed  on  <r.  With  this  restriction 
most  of  the  results  already  given  {PrtK.  ante  p,  320)  are  correct, 
but  the  general  forms  in  the  paper  itself  are  as  follows,  being 
deducible  at  once  from  the  first  expression  in  the  abstract : — 

_^S  .  Vv'V<rdt  -Jf8  .  TJrVS  .  V<r<U  =  /S  .  Va-dp , 

JfVvV'Fdi  -JfS.VvV.VPds  =/V(<^V)P; 
giving  finally 

fV  .  .Uk VV.i.  -  JjTS  .  UvV  .  Wa-d.  =  / V .  Y(dpVyr .} 
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Retarning  to  the  electrodynamic  integral,  note  that  it  may  be 
written 


-/"V.(JpT)l, 


BO  that,  by  the  corrected  formula  just  quoted,  its  value  as  a  surface 
integral  ia 

Of  this  the  last  term  vanishes,  unless  the  origin  is  in,  or  infinitely 
near  to,  the  surface  over  which  the  donble  integration  extends. 
The  value  of  the  firet  term  is  seen  (by  what  precedes)  to  be  the 
vector-force  due  to  nnifonn  normal  mognetiHation  of  the  same 
inrface. 
Also,  since 


-'M-.f''""'-^' 


whence,  by  differentiation,  or  by  putting  p  +  a  for  p,  and  expanding 
in  ascending  powers  of  Ta  (both  of  which  tacitly  assume  that  the 
origin  is  external  to  the  space  integrated  through,  i.e.,  that  Tp  no- 
where vanishes),  we  have 

and  this,  again,  involves 

The  interpretation  of  these,  and  of  more  complex  formul»  of  a 
similar  kind,  leads  to  many  curious  theorems  in  attraction  and  in 
potentials.    Thus,  from  (o)  we  have 
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which  gives  the  attraction  of  a  masa  of  deiuit;  t  in  tenna  of  the 
potentials  of  Tolnme  diBtributioDB  and  enrface  diBtribntious.  Put- 
ting 

f  =  it  +ji,  +  *(,, 
this  becomes 

/vv-va-rfs       /-/yTJp .  a-tfe  _  /yVv  .  ird» 
JJJ  'TJ  ~JJJ  ~W~  'JJ       Tp      ■ 

By  putting  r  =  p,  and  taking  the  scalar,  we  recover  a  formula 
given  above  j  end  by  taking  the  vector  we  have 

\JfJJyTipd»=0. 

This  maybe  easily  verified  from  the  formula 

/P<^=  V^JXTv-vPA, 

by  remembering  that 

vTp  =  Up . 

Again  if,  in  the  fundamental  integral,  we  put 

0-  =  (Up , 


e  have 


M^^-'Mtr//^-^'^'^- 


5.  On  the  Currents  produced  by  Contact  of  Wires  of  the 
same  Metal  at  different  Temperatures.  By  W.  Durham, 
Esq,     Communicated  by  Professor  Tait. 

At  the  su^estion  of  Professor  Tait,  I  undertook  the  investiga- 
tion of  the  momentary  thermo-electric  current  developed  when  two 
condnctors  or  wires  of  the  tame  metal  are  brought  into  contact,  the 
one  being  at  a  differept  temperature  from  the  other. 

Platinum  was  chosen  as  the  most  suitable  metal  to  experiment 
with,  in  the  firat  instance,  as  it  is  free  from  the  interfering  action 
of  oxidation  at  high  temperatures. 
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The  foUowing  Birangement  of  appantnB  vaa  employed ; — 

1.  A  long  iron  bar,  one  of  those  used  by  the  tate  PrincipAl 
Forbes  in  his  experiments  on  the  conduction  of  beat,  was  heated 
at  one  end  in  the  usual  manner.  This  fonned  the  source  of  heat  at 
once  steady  and  graduated,  so  that,  by  contact  with  it  at  vatioos 
parts,  the  platinum  wire  experimented  with  could  be  kept  at  any 
required  temperature. 

2.  Small  glass  tubes  were  fitted  into  holes  in  the  bar  at  regular 
intervals,  and  turned  over  a  little  at  the  edge  in  the  form  of  a  lip. 
These  served  the  double  purpose  of  preventing  metalUc  contact  with 
the  bar  (and  thus  introducing  ordinary  tbenno-electrio  cuTrentB), 
and  also  served  aa  guides  to  the  same  point  of  contact  iu  each 
experiment. 

3.  A  email  iron  bar  kept  at  the  temperature  of  the  room, 

4.  A  reflecting  galvanometer  (with  somewhat  masaiTe  mirror 
and  magnet,  so  as  to  "  integrate"),  with  a  scale  placed  at  the  dis- 
tance of  six  feet,  so  that  the  smallest  deflection  of  the  needle  could 
be  readily  observed  and  measured. 

6.  Two  pieces  of  the  same  platinum  wire  connected  with  the 
galvanometer  in  the  usual  manner. 

The  mode  of  working  was  as  follows:— The  free  end  of  one  of  the 
platinum  wires  rested  on  the  small  bar,  and  was  thus  kept  at  the 
temperature  of  the  room.  The  free  end  of  the  other  wire  was 
placed  in  one  of  the  glass  tubes  on  the  heated  bar,  and,  while  in 
that  position,  and  after  it  bad  attained  the  temperature  of  tbe  bar 
at  that  particular  spot,  the  wire  from  the  small  bar  was  brought 
into  contact  with  it,  and  the  sudden  deflection  of  the  galvanometer 
needle  noted. 

With  this  arrangement  very  good  and  steady  resnlts  were 
obtained  when  care  wae  taken  to  keep  tbe  wires  perfectly  clean, 
and  to  apply  the  same  amount  of  pressure  in  making  contact  in 
every  experiment,  because  any  deficiency. of  contact  increased  tbe 
resistance  so  as  greatly  to  affect  tbe  currents. 

Tbe  results  show  that  for  platinum  wire  the  current,  as  indicated 
by  the  deflection  of  the  galvanometer  needle,  is  exactly  aa  the  dif- 
ference of  temperature  between  the  two  wires. 

To  show  the  steadinesit  of  the  results,  I  give  the  details  of  one 
experiment — 

VOL.  VII.  b  M 
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G^.«no.nelefDcn-cU™. 

No.1.    826°C.?      810°  J 

215,  220.  225, 220, 225. 235, 240, 
230,  240.  210,  237,  246,  236, 
220,  250,  280. 

■i.    208'            198* 

1*}.  140, 186. 180, 142, 180, 180, 
180,  182,  128,  182,  180,  130, 
186,  130,  182,  186,  140,  140, 
140,  130. 135,  135. 

90.  90,  90,  92,  90,  86,  86.  SO,  86, 
87,  65,  65,  90,  66,  80,  80,  90, 
86,  90,  90, 

62,  60,  60.  60,  66,  60,  66,  60,  t 


i    6S'S7 

r   45-6 


The  following  are  the  means  of  a  great  number  of  experi- 
ments, the  meaa  valaee  of  the  current  being  all  multiplied  by  a 
common  factor : — 


nillereiin  of 

Wflerrno.  of 

Dllfmnceol 

1 

m  bcgrau 

Currt 

-    ^"gr 

CiimiiL 

T=m|RT»iurc 

Coneot. 

V 

19 

60° 

65-6 

9° 

9-6 

SO" 

80 

68* 

646 

14° 

18 

42* 

86 

3                68' 

68- 

20° 

19 

60' 

60 

68° 

70' 

28* 

26 

86° 

69 

74° 

73' 

89° 

84 

92" 

90 

69' 

61* 

66 

134'' 

182 

5              105° 

Wl- 

64- 

76 

186° 

135 

lOU" 

lOS- 

124° 

120 

139' 

188 

129' 

127' 

'       181* 

120 

? 

140" 

142 

162' 
167° 

120? 
161-5 

196° 
? 

192 
814 

193= 
? 

1 

201- 

2m- 

8*7 

With  the  Biime  apparatus  as  in  the  foregoint',  I  next  tried  heat- 
iig  hitk  wires  coDBiJeiably  above  the  teiii|ieru(ure  or  the  room. 
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till,  however,  keeping  one  wire  at  a  higher  temperataie  than  the 
other.  The  result  in  this  case  was  aa  in  the  former.  The  cunent 
vas  exactly  as  the  difference  of  temperature.  The  following  are 
the  means  of  the  experiment: — 

TfrnpentiuH  In  D«cr«ei  Cent  Cmreot. 

208'  —  142"  =  ei'       .  .  .  64-6 

H2°—  100'  =  42°      .  .            .  .  48- 

100°  —     76°  =  24°       .  .  .  80- 

With  more  BenBitive  galvanometer, — 

320''?— 206°  =  lis-?  .  .  120- ■ 


6.    Remarks  on  the  Deep-Water  Temperature  of  Lochs 
Lomond,  Eatrine,  and  Tay.    By  Alexander  Buchan. 

In  the  commnnications  made  by  Sir  Bobert  Ghristison  to  the 
Society  in  December  and  April  last  on  the  deep-water  temperature 
of  Loch  Lomond,  from  observations  made  by  him  with  a  Mitler- 
Casilla  tbermometer,  these  important  facte  vtete  stated  : — 

(1.)  On  12th  October  1871,  tbe  temperature  at  the  surface  was 
62'°0,  from  which  it  fell,  on  descending,  till  at  300  feet  below  tbe 
Hurface  it  stood  at  42°'0,  and  this  temperature  of  42°-0  was  uni- 
formly maintained  at  greater  depths  or  to  518  feet,  tbe  depth  of 
the  loch  at  the  place  of  observation. 

(2).  On  18lh  November  following,  the  auiface  temperature  was 
46''0;  at  depth  of  250  feet,  42'''25 ;  at  270  feet  and  lower  depths, 
42°-0. 

(3.)  On  the  10th  April  1872,  the  temperature  at  the  surface  was 
43'0 ;  at  150  feet,  42°-l ;  and  from  200  to  594  feet,  42''0. 

Hence  it  appears  that  there  is  a  stratum  of  water  of  considerable 
thickness  at  the  bottom  of  this  loch  of  uniform  temperature  ;  that 
the  upper  eurface  of  this  stratum  of  deep  water  of  uniform  tempera- 
ture was  about  100  higher  on  the  10th  of  April  than  it  was  in  the 

iFiirliing  ao  ueur  (he  Hunii  — varjtcg 
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beginning  of  wintei,  or  on  the  18th  Noyember ;  and  that  this  deep 
water  tempetatnre  probably  lemaloB  conetantly  at,  or  verjrjiear, 
42'"  0. 

Sir  Bobert  asked  me  for  a  statement  of  the  temperature  of  the 
air  at  Locb  Lomond  from  ISth  November  1871  to  10th  April 
1872,  or  during  the  time  that  the  cold  stratum  of  water  of  the 
nniform  temperature  of  42°-0  had  increased  about  100  feet  in 
thickneas.  This  I  have  prepared  from  the  observations  mode  at 
Balloch  Castle,  b;  Mr  David  Hill,  the  observer  of  the  Scottish 
Meteorological  Society  at  that  place,  Balloch  Castle  is  at  the  foot 
of  the  loch,  and  72  feet  above  its  surface.  The  table  showed  the 
mean  temperature  of  each  day  during  the  time, — the  mean  of  the 
maximum  and  minimum  temperatures  of  each  day  being  assumed 
as  the  mean  temperature  of  that  day.  Of  this  table  an  abstract  is 
given  below,  from  wbich  it  appears  that  the  mean  temperature, 
from 

November  18  tc  80  was  38°'0,  or  2° '5  below  the  average, 
December    1  „  81   „    SS'-i,  „  0°4     „  „ 

January       1  „  31   „    40*'-8,  „  2°-3  above  „ 

Februaiy     1  „  29   „    IS'-S,  „  3°'3     „  „ 

March  1  „  31   „    43'-6,  „  2°1      „  „ 

April  1  „  10  „    45''-6,  „  l''-4     „  „ 

The  average  temperature  of  the  145  days  was  41'7,  which  V-i 
above  the  average  of  past  years. 

Taking  the  observed  mean  temperature  of  each  day  for  Edin- 
burgh as  calculated  by  the  late  Principal  Forbes,*  and  applying  to 
these  the  differences  observed  between  Balloch  Castle  and  Edin- 
burgh, the  normal  temperature  of  each  day  at  Balloch  Castle  was 
calculated.  In  this  way  the  divergence  of  the  temperature  of  each 
of  the  145  days  from  its  normal  was  ascertained.  The  amount  for 
each  day  was  given  in  a  table, — temperatures  above  the  average 
being  given  in  red  ink,  under  the  average  in  blue.  An  abstract  of 
this  table  is  given  below,  from  wLicb  it  appears  that  there  were 
four  cold,  and  fonr  mild  periods,  as  under : — 

•  Traiui.  of  the  Bocietj,  vol.  xxii.  p.  361. 
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Cold  Fenodt. 
November  18  to  December  10,  or  23  days,  4''6  under 
December  20  „         „        23,  „    4     „     Z'S 
January       5  „  January    10,  „    6     „     l^'O 
March        20  „  April  6,  „  18     „     3^0 

Average,    61  days,  3°*4 


Mild  Feriodt. 
December  11  to  December  19,  or   9  days,  4°'l  above  average, 

„        24  „  January      4,  „  12     „     3°-5  „ 

January    11  „  Match       19,  „  69     „     S°-9  „ 

April  7  „  April         10,  „    4     „      B'-O  „ 

Average,    94  days,  4°*0  „ 

Hence  during  this  period  the  temperature  was  under  the  average 
of  the  aeason  on  61  daye,  the  deficiency  amounting  to  a  mean  of 
3*'4 ;  md  above  the  average  on  94  days,  the  excess  amounting  to 
a  mean  of  4°'0.  The  most  markedly  mild  period  extended  over  69 
days,  viz.,  from  11th  January  to  19th  Uaich,  during  which  the 
temperature  was  on  an  average  of  8°-9  above  that  of  the  season; 
and  as  already  stated,  the  temperature  was,  for  the  whole  period  of 
145  days,  1°'4  above  the  average. 

It  may  be  concluded  that  in  ordinary  winters  the  stratum  of 
water  of  uniform  temperature  will  be  thicker  than  Sir  Robert 
Christison  found  it  to  be  this  year  in  the  beginning  of  spring;  in 
other  words,  that  it  will  be  nearer  the  surface  than  170  feet. 

In  the  end  of  last  week,  Mr  James  Leslie,  C.E.,  kindly  sent  me 
some  highly  interesting  and  valuable  observations  on  the  deep- 
water  temperature  of  Lochs  Tay,  Katrine,  and  Lomond,  made  by 
the  late  Mr  James  Jardiae,  CM.,  in  1812  and  1814.  These  I 
have  now  very  great  pleasure  in  laying  before  the  Society.  They 
were  taken  in  fathoms,  and  the  temperature  in  degrees  centigrade 
which  are  here  reduced  to  Eng.  feet,  and  degrees  Fah. 

*  The  general  resnlta  of  these  obaerrations  were  given  by  Sir  John  Leilie 
in  his  "  Treatiaes  on  Varions  Bubjecte  of  NulursI  and  Chemical  Fhilo»n{iby," 
EdiDborgh  188S,  p.  2B1. 
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O&wrvaf  I'oiu  of  the  Deep-  Water  Teniperaitire  of  Lochs  Tay,  Katrine, 
Mid  Lomond,  by  the  late  tXamet  Jardine,  Etq.,  C.E. 


Looh  Tay. 

Loch  Katrine 

Loch  Katrine 

Loch  Lomond 

Depth. 

Aug.  12, 1812 

Sept.  3.  ISH 

Sept.  7,  1812 

Sept.  8. 1812. 

Sirrnce 

6r-2 

66"-8 

5r-9 

fi9°5 

30  feel 

66'-7 

60    „ 

49°-6 

so-'a 

90    „ 

45°-5 

44^1 

120    „ 

44'-4 

43'''5 

150    „ 

43°3 

ISO    „ 

42°-3 

210    „ 

43--2 

4i*°"5 

240    „ 

iV7 

300    „ 

ii'-a 

SCO    ,, 

4r-5 

420    „ 

4r-9 

480    „ 

41-'7 

ii'i  ' 

iVl 

640    „ 

41'-5 

600    „ 

41--5 

These  results  are  strikingly  accordant  with  those  obtained  by 
Sir  Sobert  OiristisoD,  Tlie  difference  as  regards  the  deep- 
water  temperatuie  of  Locli  Lomond  may  be,  and  probably  is,  only 
instrumental. 

These  observations  were  made  in  the  summer  and  early  autumn, 
or  when  the  temperature  of  the  sea  and  of  lakes  is  about  the 
annual  maximum.  Taken  in  connection  with  Sir  Robert's  obeerva- 
sions,  they  warrant  the  conclusion  that  the  deep-water  temperature 
of  Loch  Lomond  remains  during  the  whole  year  either  absolutely 
at,  or  very  nearly  at,  the  low  figure  of  42'-0. 

The  observations  abo  show  that  this  is  not  a  peculiarity  of  Loch 
Lomond,  but  that  it  is  also  a  characteristic  of  Lochs  Eatrino  and 
Tay,  and  most  probably  of  other  deep  waters. 

The  mean  annual  temperature  of  the  air  at  Loch  Lomond,  from 
the  mean  at  Balloch  Castle,  calculated  on  the  13  years' average, 
ending  1869,  is  48°-0,*  which  is  6°'0  higher  than  the  uniform 
deep-water  temperature  of  the  loch.    The  deep-water  temperature 


•  In  this  and  following  ti'WiiCTBtnrea  0°-2  liu  been  added,  in  order  to  bring 
tliem  to  the  level  of  tfae  locli,  nhich  is  72  teel  lower  tfaan  tlie  thermometera  >t 
DuUock  CiLitle. 
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is,  therefore,  not  determined  b;  the  mean  annual  temperature  of 
air  oTei  thia  part  of  the  earth 'r  eurface. 

From  Forhea'  "Climate  of  EdiDhurgb,"it  is  seen  that  the  tempera- 
ture there  is  under  the  annual  lueaD  from  the  21st  October  to  the 
26th  April.  AsEiuming  that  this  holds  good  for  Balloch  Castle, 
then  the  mean  temperature  for  the  cold  half  of  the  year  will  be, 


October 

21  to  31,  . 

46"0 

November 

1  to  30,  . 

«••? 

December 

1  to  31,  . 

40'-9 

January 

1  to  31,  . 

38'-6 

February 

1  to  28,  . 

39'-8 

Maicb 

1  to  31,  . 

40'-5 

April 

1  to  26,  . 

45'-8 

The  mean  of  these  188  days  is  therefore  41°'l. 

The  close  approximation  of  this  temperature  or41°-4  to  42°-0, 
the  deep-water  temperature  of  the  loch,  is  such  as  to  suggest  that 
il  M  the  mean  temperalura  of  the  cold  half  of  the  year  which  deter- 
mine the  temperature  of  the  lowest  eirattim  of  lealer  at  Ihe  bottom 
of  deep  laket,  so  long  as  the  deep-water  temperature  does  not  fall 
below  that  of  the  maximum  deneity  of  the  water.  As  this  prin- 
ciple, if  establiehed,  would  be  of  great  importance  in  many  ques- 
tions of  physical  research,  such  as  the  deep-water  temperature  of 
the  Mediterranean  Sea,  which  Dr  Carpenter  hoe  very  accurately 
ascertained,  in  its  connection  with  the  larger  question  of  general 
oceanic  circulatioii,  it  well  deeeires  further  investigation. 
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the  Academy. 
Cotton.— Bulletin  of  tbe  Pablic  Library.    Nob.  18, 19,  and  20.    8to. 

— From  the  Library. 
Bourdeaux. — M^moirea  de  la  Soci^t^   das  Sciences  PhysiqneB  et 

Naturelles   de  Bordeaux.     Tome   VI.   No,   3 ;    Tome 

VIII.  Parte  1,  2,  3.     $YO.—From  ih«  Society. 
Brvttelt. — AnDuaire  de  rObeeiratoire  Boyale  de  Bruxellea,  par  A. 

Quetelet.     1871.     12mo. — Fr<m  the  Obieniatory. 
AnnaleB  de  rObeervatoire  Soyale  de  Bnixelleg  public  aux 

frais  de  I'Ftat,  par  le  directeur  A.  Quetelet.    Tome  XX. 

4to. — From  the  Ohtvrvatory. , 
Annuaire  de  I'Academie  Bojale  dea  ScieDcee,  des  Lettree  et 

dea  Beaux-Arts  de  Belgique.    1871.    12mo. — From  the 

Academy. 
Bulletin  de  TAcadSniie  Royale  des  Sciences,  des  Lettrea  et 

des  Beaux- Arts  de  Belgique.    Tome  XXXI.  Nob.  6-8; 

XXXII.  Nob.  9-12 ;  XXXHI.  Nos.  1-6,  XXXIV.  Nos. 

7-8.     8to. — From  the  Academy. 
Biographie  Nationale  public  par  I'AcadSmie  Boyale  dea 

ScienceB,  des  Lettree  et  des  Beaux-Arts  de  Belgique. 

Tome  III.  Part  1.     8vo. — From  the  Academy. 
Mgmoires  de  I'Acad^mie  Boyale  des  Sciences,  des  Iiettres 

et  dea    Beaux-Arts   de  Belgique.      Tome    XXXVIII. 

4 to. — From  the  Academy. 
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SrutieU. — MSmoirea  conronn4s  et  MSmoires  des  Savants  EtiaDgeiB 
pnbli^  pu  I'Acad^mie  Boyale  des  Sciences,  des  Lettres 
et  dea  Beaux-Atto  de  Belgique.  Tome  XXXV.  XXXVI. 
4to. — From  the  Academy. 
Caletitta. — Joomal  of  the  Asiatic  Society  of  Bengal.  Fart  1.  Nos. 
1-3 ;  Part  II.  Nob.  1-4,  1871.  Part  I.  No.  1 ;  Part 
II.  No.  1,  1872.     Svo.—From  the  Society. 

Proceedinge  of  the  Asiatic  Society  of  Bengal.  Nos.  3-13, 
1871 ;  Nos.  1-5,  1872.    8to.— /Vom  the  Society. 

Memoirs  of  the  Surrey  of  India,  Falsontologia.  Vol. 
ni.  Nob.  1-13.  Ser.  VI.,  VII,  4to.— JfWm  the  Sur- 
vey. 

Memoin  of  the  Geological  Surrey  of  India.  Vol.^  VII. 
Parts  1-3.     8to. — From  the  Survey. 

Becords  of  the  Geological  Survey  of  India.  Vol.  II.  Parts 
2-4 ;  Vol.  III.  i  Vol.  IV.  Parte  1-4.  &vo.—From  the 
Survey. 

Account  of  the  Operations  of  the, great  Trigonoraetrical 
Survey  of  India.     Vol.  I.     4to. — From  the  Survey, 

Report  of  the  CommiseionsTS  appointed  to  inquire  into  the 
Ori^D,  Nature,  &c.,  of  Indian  Cattle  Plagues,  with 
Appendices.      1671.      Folio. — From  the  Indian  Oovem- 

CtUifomia. — Uemoirs  of  the  Academy  of  ScieoceB.    Vol.  I.  Parts 

1,  2.     4to. — From  the  Academy. 
ProceedingB  of  the  Academy  of  Sciences.    Vol.  IV.  Parts 

1-4.    8vo. — From  the  Academy. 
Cambridge  {U.  £.). — Annual  Beport  of  the  Trustees  of  the  Mnaeum 

of  Comparative  Zoology  at  Harvard  College  for  1870-71. 

8vo. — From  the  College. 
Bulletin  of  the  Museum  of  Comparative  Zoology  at  Harvard 

College,  Cambridge,  Mass.    VoL  II.  Nos.  1-3;  VoL  III. 

No.  1.     8vo.— from  the  College. 
Illustrated    Catalogue   of   the  Museum  of   Comparative 

Zoology  at  Harvard  College.     Nos.  3-6.    8vo. — From 

the  College. 
Memoirs  of  the  American  Academy  of  Arts  and  Soiences. 

Vol.  X.  Fart  1.     4to.— J'rom  the  Academy. 
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Cambridge  (P.S.)— The  Complete  Works  of  Cotrnt  Rumford,  pnb- 

liahed  by  the  AmericaD  Academy  of  Arts  and  Sciences. 

Vol.  I.  1870.     870. — From  &>»  Academy. 
ProceadingH  of  the  American  Association  for  the  Advance- 
ment of  Science.     1870.     870, — From  the  AuocitUion. 
Cape  of  Good  Mope. — Besulta  of  Astronomical  ObseTvatioDS  made 

at  the  Boyal  Observatoiy,  Cape  of  Good  Hope,  in  the 

year  1856.     8to, — From  the  Obtervatory. 
Catania. — Atti  dell  Accademia  Crloenia  d6  Scienze  Natuiali  de 

Catania.    Serie    Teiza.     Tomo   II.,    1868;   tomo   III., 

1869.     4to, — From  the  Academy. 
Ckerbomrg. — Catalogue  de  la  Biblioth^ne  de  la  SociStS  ImpSriale 

dea  Sciences  Natotellea.    Part   I,    8vo.—From  &e  So- 
ciety. 
M^moires  de  la  Soci^  Imperiale  dea  Sciencea  Natnrelles. 

Tome  XV.,  XVI.     8vo.— from  the  Society. 
Chrittiania. — Annexe  i  la  Statistique  Officielle  du  Boyanme  de 

Norvege   pour  I'annfe   1869,      4ta — From  the  Ooveru- 

ment  of  Nonoay. 
Beretning  om  SkolevfeaenetH  Tilatand  i  Kongeriget  Norges 

Landdistrikt  for  Aarene  1664-66,  og  Rigeta  EJlistrnder  og 

Ladesteder  for  Aaret  1867.     4to. — From  the  Government 

of  Noruxty. 
Driftflberetaing    for    Eongavinger-Lillestrom   Jernbane,    i 

Aaret  18G9.     4to. — From  the  Oovemment  of  Norway. 
DnftsheretniDgforHamar-ElTeram-Jernbane,  i  Aaret  1869. 

4to. — From  the  Qovemment  of  Norioay, 
Tabeller  vedkommende  Norges  Handel  og  Skibsfait,  i  Aaret 

1869.     4to. — From  tha  Oowmment  of  Nonoay. 
Driftsbeietning  for  Norsk  Ho  vid- Jernbane,  i  Aaret  1869. 

4to. — From  the  Oovemment  of  Norway. 
Fattig-Statiatik  for  1867.     ito.— From  the  Oovemment  of 

Norway. 
Beretninger  om  Norges   Fiskerier,  i  Aaret  1868,    1869. 

4to. — From  (Ae  Oovemment  of  Norway. 
Beretning  den  Hoiere  Landbnigaakole  i  Aas,  i  Aarene  fra 

April  1867  til  April  1870.     4to.— .fVotn  the  Oovemment 

of  NoTViay. 
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C^Amftdnta.— Boretniug    Bigeta    OecoDomiske   Til  stand,   A&rene 

1861-1865.    Aodet  Hefto.    4to. — From  the  Ooimnment 

of  Noneaif. 
CrimiualstatiBtiske  Tabeller  for  Kongoriget  Norge  foi  Aaret 

1866,  aamt  den   Eongeligo  Norgke  Begjerings  Under- 

dftnigate  Indatilling  af  3   Jnni  1870.     ito.— From  the 

Qovemmmi  of  Norway. 
Njrt  Hagazin  for  NaturvidenHkaberne.     Bind  XVII.  Hefte 

1-S;  Bind    XVIII.  Hefte  1-3.   'S^o.—From  the  Royal 

Utiivenily  of  Norway. 
Le  N6v6  de  Juetedee  et  sea  Glaciers  par  le  de  Sene.     4tO. — 

From  the  University. 
Det  Eongelige  NoTSt«  FiederikH-Universitets  AaTsberetDuig 

for  1869-1870.     8vo.— JVom  the  University. 
Tabellei  vedkommeodd  Skiftevcesenet  i  Norge,  Aaret  1868. 

TiUigemed      opgave  O    va    de     efter      Overformynder- 

Begnakabeme  for  Aaret  1868-1869,  under  rigete  Over- 

fonnynderiera  Beatyielae  Henataaende  Midler  samt  den 

KoQgelige  Notske  Begjerings  Undeidanigste  IndatilliDg 

af  15  JuH  1870,  12  Sept.  1871.    ito.— From  the  Oomm- 

taent  of  Norway. 
Deo  Norake  Statstelegrafs  Statistik  for  1869.    iia.—From 

the  Government  of  Norway, 
Det  Norake  Meteorotogieke  InBtituta  Storm  Atlaa  ndgivet 

med  Beatand  af YideDskabB-Selskabeti  Ghristiania.    Fol. 

— From  the  Inititvte. 
ForliandtiDgeri  Yidenskabs-Selskabet.    Aaren.   1869,1870. 

8to. — From  the  Society. 
Noiak   Keteorologiak  Aarbog  for  1869^1870.     ito— From 

the  Meleorologieal  Imtilute. 
Conntctieut. — Traneactiona  of  the  Connecticut  Academy  of  Arta 

and  Sciencee.    Vol.  I.  Part  2 ;  Vol.  II.  Part  1.    8™.— 

From  the  Academy. 
Copenhagen. — Overaigt  over  det  Kongeltge  danake  VidensbabemeB 

Selskaba  Forbandlinger  og  deta  Hedlemmers  Arbeider  i 

Aaret,  1870,  No.3;  1871,  Nos.  1,2.  Sm.—From  the  Society. 
/j,yrpa(.— Metcorologische  Beobachtungen  1866, 1868, 1870, 1871. 

8vo. — From  the  Univenity  of  Dorpat. 
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Dretdea. — Nova  Acta  Acodemue  CEeeareffi  LeopoldiDO-Carolinn 
Geimanicffi  Natane  Curiosoruni.  Vol.  XXXV.  4to.— 
From  <Aa  Acadeti^. 
IhAUn. — Tables  of  Iris,  computed  with  regard  to  the  Pertnrlntions 
of  Japiter,  Man,  and  Saturn,  including  the  pertnibationB 
depending  on  the  square  of  the  mass  of  Jupiter.  By 
Francis  Brttnnow,  Fh.D.,  F^.A.S.  iia.—Fnm  tAa 
Boyal  Attronemieai  Society. 

Astronomical  Observations  and  Beaeaiches  made  at  Dunsink. 
Part  I.  1870.  ito.— From  the  Board  of  Trinili/  College. 
EdwAwgh, — Astronomical  Observations  made  at  the  Boyal  Ob- 
servatory, Edinburgh,  by  Charles  Piazzi  Smyth,  r.R.SS.L. 
and  E.,  F.a.A.S.,  F.B.S.S.A.,  Professor  of  Practical 
Astronomy,  and  Astronomer  Boyal  for  Scotland,  Vol. 
XIII.  for  1860-1869,  with  additions  to  1871.  ito.— 
From  (A«  Boyol  Oiiervatory. 

Report  presented  to,  and  read  before,  the  Board  of  VisitorB, 
appointed  by  Government  for  the  Boyal  Observatoiy,  at 
their  Visitation  held  on  Thursday,  27th  July  1871.  ito.— 
From  the  Royal  Obiervatory. 

Scottish  Sfeteorology,  1856-1871,  computed  at  the  Boyal 
Observatory.     4to. — From  Hie  Boyai  Obwrv<Uory. 

Quarterly  Betuin  of  the  Births,  Deaths,  and  Marriages, 
registered  in  the  DivisionB,  Oonnties,  and  Districts  of 
Scotland.  Noe.  16  to  19,  with  Supplement  Monthly 
Bfitums  of  the  same  from  July  1871  to  July  1872.  Seven- 
teenth Annual  Beport  of  the  same  for  1871.  Gensiu  of 
Scotland,  1871,  Fol.— Edinburgh,  1872.  8to.— JVw» 
the  Begittrar-OeneraL 

Eighth  Decennial  Census  of  the  Population  of  Scotland, 
taken  3rd  April  1871.  Vol.  I.  Fol.— ^nm  the  Begittrar- 
General. 

Transactions  of  the  Highland  and  Agricultural  Society  of 
Scotland.     Vol.  IV.     8vo.— From  the  Society. 

Transactions  and  Proceedings  of  the  Botanical  Society. 
Vol  XI.  Part  1.    Bvo.—From  the  Society. 

Journal  of  the  Scottish  IMeteorological  Society.  Nos. 
31-35.     Bvo  —Fromtht  Society. 
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ErUmgen. — Sitznngsbeiichte     dar     PhTnioaliscli  -  Medioiaisohei) 

Societat  za  Eriangen,    Heft  3.    8vo.—From  t&«  Society. 
Frani/ort. — Abbaadlnngen  heraiiBgegeben  Ton  der  Senckenbergi- 

Bchen  Nfttarfonchenden  G«8ellflolwft.    Band  VIII.  Haft 

1,  2.     ito.—From  the  Somety. 
Bericht    iiber    die    Senckenberg^be    NatnrfotschendeD 

Geflelltchaft  in  I^ankfort  am  Uain,  1870-71.    8to. — 

From  the  Society. 
Geneva. — USmoiies  de   la    SocifiU   de    Ffaysiqne   et   d'HiBtoire 

Natnrelle  de  Oendve.    Tome  XXI.  Part  1. — Table  dea 

U6moire«.    Tome«  I.-XX.    4to. — From  the  Society. 
OUugow. — FroceedingB  of  the  PhilosopMcEJ  Society — VoL  VIL 

No.  8;  Vol  VIII.  No.  1.— Svo.     From  the  Society. 
Traiuactioiia  of  the  Geological  Society.    VoL  III.    Supple- 
ment   8to. — From  the  Society. 
QSttingen. — Abhandlnngen  der  EdnigUchen  Gesellachaft  der  'Wis- 

senschaflen.    Band  XVL    8to. — From  the  Society. 
Nachrichten  von  der  K.  GeBellBchaft  der  WisBeuschaften 

nnd  der  Gkorg-AngTutB-Univenitat,  aue  dem  Jahre  1871. 

8to. — From  the  Univertity. 
Greenwich. — ^Aetionomical  and    Hagnetical    and    Meteorological 

ObeerrationB  made  at  the  Boyal  Obeervatory  in  the  yeai 

1870.    ita.—From  the  Obeervatory. 
MaarJem. — Archives   N6eilatidaiBee    dea     Sciencea    Ezactes    et 

Natnrellea  pnbli^  par  U  Society  Hollandaise  A  Haarlem. 

Tome  V.  Lit.  4,  6;   Tome  VI.  Liv.  1-6;   Tome  VII. 

Liv.  1-3.    8vo.—From  the  Society. 
AnhiveB  dn  Unste  Teyler.     Vol.  III.  Faac  2.   8to.— Fnm 

theJUiuewn. 
ifeMng/'on.— Bidrag  till  Finlanda  OfficieU  Stati&tik  V.    Temper- 

atnrforhaUanden  i  Finland  1846-1866.    Heft  1.    4to.— 

From  the  Society  of  Science. 
Bidrag  till  Eannedom  af  Fisdlande  Natnr  och  Folk  utgifna 

af  Finaka  Vetenskape-Societeten  SJnttonde  H&ftet.    8to. 

— From  the  Society. 
Acta  Societatis  Scientiarum  FeoDicn.    Tomaa  IX.    4to.— 

From  the  Society. 


byGoot^lc 


808  Proceedings  of  ikt  Soyal  Society 

Hehinsfora. — Ofversigt   af   Fineka  VetonBtftpfl-Societetona    For- 

handliiigar.    1870-1871.    8vo.— from  ike  Soci^y. 
Innsh-uck, — Bericbta     dea     NaturwisseDBchaftlioh-HediziDischeD 

Veieines  in  Innsbruck.    Jahrgang  II.  Heft  1-3.    8vo. — 

From  lie  Society. 
Jem. — Jeoaiaohe  Zeitechrift  fur  Ifedicin  nnd  NatoiwIaaenBcIiaft 

haiauflgegebea  von  der  Hediciniach  Natnrwissenechaft- 

licben  Geselbchaf t  zu  Jena.    Band  VI.  Heft  3, 4.    Svo.— 

From  the  Society. 
Zuian.— Reports  of  tha  Univerait;  of  Easan,  1864-1868.    8vo.— 

From  the  University. 
-ff»et— Scbriften  der  Univereitat.    1870,  Band  XVH. ;  1871,  Band 

XVIII.     4to.— from  the  Univentiy. 
Leeds. — Bepqrt  of  the  Proceedings  of  the  Geological  and  Polytecbnic 

Society  of  the  West  RUing  of  Yorkabire,  1870.    8vo.— 

From  the  Society. 
The  Fifty-First  Report  of  tbe  Coiinail  of  the  Leeds  Fbiloeo- 

pbical  and  Literary  Society,   1870-71.    8to. — From  the 

Society. 
Leipzig. — Vierteljabrsschrift    der    Astronomieohen    Geaellscbaft ; 

Jabrgang  VI.  Heft  2-4 ;  VII.  Heft  1.    8io.-~Fwm  the 

Society. 
Bericbte  iiber  die  Verbandlnngen  der  Koniglicb  ^bsiecbea 

Oeaellschaft  der  Wifiseoacbaften  lu  Leipzig ;  Math.  Phys. 

Classe,  1870,  Nos.  3,  4j  1871,  Noe.  1-3.    8?a— fVom 

the  Boyal  Saxon  Academy. 
Elektrodynamiscbe  UaassbeBtimmuDgen  Insbeeendere  iibei 

das  Princip  der  Erbaltnng  der  Energie,  von  Wilbelm 

Weber.    Band  X.  No.  1.    8to. — From  the  Boyal  Saxm 

Academy. 
Zur    Experimentalen    Aesthetik,    Von    Guetav    Theodor 

Fecbner.    Band  IX.  No.  6.    Svo.— From  the  Royal  Saxon 

Academy. 
Unteranchung   des  Wegea  einee  Licbtatrabla    dnrcb  etue 

beliebige   Anzahl    von    brecbenden   spbaciscbeQ   Ober- 

flacben.     P.  A.  Ilanaen.     Bvo.—From  the  Boyat  Saxon 

Academy. 


byGooqlc 


of  Edinburgh,  Session  1871-72.  809 

Lithon. — CaLabgo  du  PuLlicacoes  da  Acidemia  Besl  das  Sciencias 

de  Liuboa.     8yo. — From  the  Academy. 
Uemoriaa  da  Academia  Real  daa  Sciencias  de  Lisboa,  Claase 

de  Soienciaa  Mathematicae,  PhyeicasQ  Natuiaes,  Nora 

Serie.    Tomo  IV.  Parte  1,  2.  iia.~FTom  the  Academy, 
l.ivirpool. — Proceediogs  of  tbe  Literary  and  Philosophical  Society 

of  Liverpool.    Nob.  23,  24.    8vo. — IVom  the  Society. 
Transactio&B  of  the  Historio  Society  of  Lancashire  and 

Cheshire.     Vol  XI.     Svo,— fVwn  the  Soeiety. 
London. — Jonraal  of  the  Royal  Asiatic  Society  of  Great  Britain 

and  Ireland.     Vol.  V.  Part  2 ;  Vol.  VI.  Part  1.    8vo.— 

From  the  Society. 
A  General  Index  to  the  First  Thirty-Eight  Yolamee  of  the 

Memoirs  of  the  Boyal  Astionomical  Society.    8vo. — From 

Ihe  Society. 
Monthly  Notices  of  the  Boyal  Astronomical  Society  for 

1871-72.     8vo.—From  ihe  Society. 
Memoirs  of  the  Boyal  AstroDomical  Society.  Vol.  XXXIX. 

Part  1.     4to. — From  the  Society. 
Astronomical,  and  Magnetical,  and  Meteorological  Obserra- 

tions,  made  at  tbe  Boyal  Obeerratory  in  tbe  year  1869. 

London,  1871.     4to. — From  the  Society. 
Journal  of  the  Chemical  Society.    1871,  July  Angnst,  Sep- 
tember, October,  November,  December;   1872,  VoL  X., 

January,   February,   March,   April,  May,  June,  July, 

August,  Sept.     8vD. — From  the  Hociety. 
Proceedinge  of  the  Boyal  Geographical  Society.    Vol.  XY. 

Nob.  2-5 ;  XVI.  Nos.  1-3.     8vo.— J'Vom  the  Sodeiy. 
Journal  of  the  Boyal  Geographical  Socie^.   VoL  XL.   8vo. 

—From  the  Society. 
Memoirs  of  the  Geological  Survey  of  Great  Britain.   London, 

1870.     8vo.— fV«»  the  Survey. 
Quarterly  Journal  of  tbe  Geological  Society.    VoL  XXYII. 

Parts  3,  4;  Vol.  XXVIII.  Parts  1-3.    8vo.— f«w»(Ae 

Society. 
Memoirs  of  the  Geological  Survey  of  England  and  Wales. 

Vol.  IV.     SYO.—From  ihe  Sun-fy. 


byGooqlc 


810  Proceedings  of  the  Boyal  Society 

ionrfon.— Memoire  of  the  Geological  Survey  of  the  United  King- 
Decade  XIII.    Bn.~From  tA«  ifttrvey. 
Journal  of  the  London  Institution.     Tol.  I.  Nob.  7-15. 

8vo. — From  the  Sod^y. 
Proceedings  of  the  Boyal  Institution  of  Great  Britain.  Vol. 

71.  Parti!  3,  4.     8vo.— /Vom  the  Society. 
Index  to  Proceedings  of  the  Institution  of  GiTil  Engineers. 

Vol.  XXI.  to  XXX.     Svo.—From  the  Society. 
Proceedings  of  the  Institution  of  Civil  EngineeTS.    Vols. 

XXXI.,  XXXIL,  XXXIII.  Parti;   XXXIV.  Part  2. 

8vo. — From  the  Society. 
Transactions  of  the  Pathol<^cal  Society.  Vol.  XXII.    Sm. 

From  the  Society. 
The  Journal  of  the  Boyal  HorticnltOTal  Society.    Vol.  III. 

Parts  9,  10.     9to.—From  the  Society. 
Qiiart«rly  Journal  of  the  Meteorological  Society.     Vol.  I. 

Sew  Series.     Nm.  1-3,     Svo, — From  the  Society. 
Proceedings  of  the  lleteorological  Society.     Vol,  V.    Noe. 

56,  56.     870.— /Vom  the  Society, 
Quarterly  Weather  Report  of  the   Meteorological  OfQce, 

Parts  1-4,  1870 ;  Part  1,  1871.     ito.—From  the  Meteo- 
rological OommiUee  of  the  Soyal  Society. 
A  Discussion  of  the  Meteorology  of  the  Fart  of  the  Atlantic 

lying  north  of  30°  N.  for  the  Eleven  Days  ending  8th 

February  1870;  with  Chart  and  Diagrams.   4to.— fVvM 

lie  Boyal  Soeiefy. 
Proceedings  of  the  Geologists'  ABsociation.    Vol.  II.  Mob. 

1-6.    Annual  Beport  for  1671.    8?o, — From  the  Auocia- 

lion. 
Proceedings  of  the  Society  of  Antiquariefl.    Vol.  V.  Nob. 

1-3.     Svo.— From  the  Society. 
Journal  of  the  East  India  ABSOciation,    KTo.  II.    8to.— 

From  the  Attodation. 
Currents  and  Surface  Temperature  of  the  North  Atlantic 

Ocean,  from  the  Equator  to  Latitude  40°  N.  for  each  munth 

of  the  year;  with  a  General  Current  Chart.    4to.— From 

the  Royal  Society. 
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Z^ntfon.— Proceedings  of  the  Eoyol  Society.     Noe.  129-136.    8vo. 

— From  the  SocUly. 
Bepoii  of  the  Meteoiologiosi  Committee  of  the  Boyal  So- 
ciety, for  the  Tear  ending  1870-71.      8to. — From   the 

Committee. 
Boyal  Society  Catalogue    of  TranBactiona,  Jonrnals,  &c. 

%m.—From  the  Society. 
Royal   Society   Catologne   of  Scientific  Papera.    Vol.  V. 

4to. — From  the  Society. 
Contributions  to   our  knowledge  of  the   Meteorology  of 

Cape  Horn  and  the  West  Coast  of  South  A^merica.     1871. 

4to. — From  the  Meteorological  Committee  of   the    Royal 

Society. 
TransactionB  of  the  Hoyal  Society.    Vol.  OLXI.    Part  1. 

iUt.—'From  the  Society. 
Coirespon deuce  concerning   the   Great  Melbourne    Tele- 

Bcope,  in  three  Parts.   1852-1870.   Svo.—From  the  Royal 

Society. 
TransactionB  of  the  Royal  Society  of  Literature.     Vol.  X. 

Part  1.     8vo.— i*Wm  the  Society. 
Transactions  of  the  Clinical  Society.    Vols.  IT.  T.     8vo. — 

From  the  Society. 
Proceedings  of  the  Royal  Medical  and  Chinirgicol  Society. 

VoL  VL  No.  8;  Vol.  VII.  Nob.  1,  2.    8to.— /Vm  the 

Transactions  of  the  Royal  Medical  and  Chimi^c^  Society. 

Vol.  IIV.     8?0.— JVom  the  Soeidy. 
General  Index  to  the  first   Fifty-Tbieo  Volumes  of  the 

Medioo-Chiiui^cal     Tiansoctions.       8to, — From     the 

Society. 
Proceedings  of  the  Mathematical  Society.       Nos.  35-47. 

8vo. — From  the  Society. 
Journal  of  the  Society  of  Arts  for  1871-72.    8vo.— /Vom 

the  Society. 
TranBaotions  of  the  Linnean  Society.   Vol.  XXVII.  Parte 

3,4;  XXVIII.Parts  1,2;  XXIX.  Parti.    Ho.~~From 

the  Society. 
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iomfon.— List  of  the  Linnean  Society.     1870-1871.     8vo.— Fmhi 

the  Soeiety. 
Journal  of  the  Lionean   Society.      Vol.  XII.  (Botany) ; 

Vol.  XIII.  (.Botany),  Noa.  65-67;  Vol.  XI.  (Zoology), 

Not.  52-54.     9vo.—Fnm  the  Society. 
Froceedinga  of  the   Linnean   Society,   Soeeion    1870-71, 

1871-72.     8vo.— Ftwn  the  Society. 
Jonmal  of  the  Statistical   Society.     Vol.  XXXIV.  Farts 

2-4;  Vol.  XXXV.  Parts  1-3.    Svo.—From  the  Society, 
Statistical  Beport  of  the  Health  of  the  Navy,  for  the  year 

1869.     8vo.— frofB  the  Admiralty. 
Proceedings  of  the  Zoological  Society.    1871,  Parts  1-3; 

1872,  Part  1.     Bvo.—From  the  Society. 
Tiansactions    of    the     Zoological     Society.      Vol.    VII. 

Part*  6-8 ;    Vol.  VIII.  Farts  1,  2.      4to.  —  From  the 

Society. 
Catalogue  <rf  the  Lihrary  of  the  Zoological  Society.    8vo. — 

From  the  Society. 
A  Descriptive  Catalogue  of  tlie  Calculi  and  other  Aoimal 

Concretions,  contained    in   the  Uueeum  of   the  Boyal 

College  of  SnrgeODs  of  England.     Supplement  I.     4to. — 

From  the  CoUege. 
Bevised  List  of  the  Vertebrated  Animals  nov  or  lately 

living  in  the  Gardens  of  the  Zoological  Society.     1872. 

8vo. — From  the  Society. 
Lyont. — Annalea  de  la  Soci^tfi  ImpSriale  d'Agricultnre,  Histoire 

Naturelle   et   Arts   Utiles  de  Lyon.    Quatrieme  S€rie. 

Tome  I.,  II.     8vo. — From  the  Society. 
Mfimoires  de  I'Academie  Imp^riale  des   Sciences  Belles- 

Lettres  et   Arts  de  Lyon.    Classe  dee  Lettres.    Tome 

XIV.— Classe  des  SoienceB.    Tome  XVIII.    Bm.—From 

the  Academy. 
Ifdtne.— Beport  of  the  Commissioners  of  Fisheries  of  the  State 

of  Maine  for  the  year  1870.    8to. — From  the  Commit- 

lionerM. 
Manehetler. — Proceedings  of  theLiterary  and  Philosophical  Society. 

Vol.  XI.  No.  1.     9vo.~~From  the  Society. 
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iftlan. — Msmorie  del  fisale  Istitnto  Loabardo  ii  Bcienze  e 
Lettere.  Classe  di  Lettere  e  Scienze  Morali  e  Politiche. 
Vol.  XI.  Delia  II.  &eri»  III.  Faao.  3;  Vol.  XII.  Faao. 

1,  2,  3, 4.— Oloeae  di  Scienze  Hatematiobe  e  NatoialL 
Vol.  XI.  Faeo.  3j  Vol.  XII.  Faao.  1, 2.    4to.— fVom  iha 

Atti  della  SooieU  Italiaaa  di  Scieoze  NataralL    VoL  XIV. 

Faac.  3,  4;  VoL  XV.  Faac.  1.    Sva— JVom  tJu  Editor. 
Bendiconti  Beale  Istitnto  Lombardo  di  Scienze  e  Letters. 

Serie  IL  VoL  II.  Faac.  17-20;  Vol.  III.  Fasc.  1-15, 

16-20;  Vol.  IV.;  VoL  V.  Faac  1-7.     %^o.—From  Ae 

Tiudtule. 
Moteoto. — Bulletin  de  la  Soci6t6  des  Nahtralistes.     1860,  Nob. 

2,  3, 4 ;  1870,  Nob.  3,  4 ;  1871,  Nob.  1-4.     BYO.—From 
the  Society. 

Noaveaax  U SmoiieBde  la  Soci€t6  ImpSiiale  des  NataraliBtes 

de   Moscow.    Tome  XIII.  Liv.  2,  3.    4to.— i^rom  the 

Society. 
Munich, — SitzungBberichte  dei  kiinigl.  bayer.  Akademie  der  Wis- 

Benschaften.     1S70,  Band  II.  Hefte  3, 4.— PhiloBophiscb- 

Philotogischeo  und  Histonscben  GlasBe.    1871,  Hefts 

1-6;     1872,    Heft    1.  —  Matbematiscb-PbjBikaliscben 

ClftSBO.    1871,Heft  1-3;  1872,  Heft  1.     6Y0.~FromAe 

Society. 
Abbandlungen  der  koniglicb.  bayeriBchen  Akad.  der  Wisaen- 

Bcbaften.    HistoriBchen  Claase,  Band  XI.  Abth.  2,  3. — 

PhiloBOpbiech-PbitoIogischen  Claaae,   Sand  XII.  Abtb. 

2.     4ta — From  the  Academy. 
Almanacb  dei  koniglicb.  bayerischen  Akademie  der  Wis- 

senBchaften    fur    das    Jabr    1871.     IGmo.—Fnm  the 

Academy. 
Verzeichnisa  tod  3571  teleacopiaoben  Stemen,  Snpp.  Band 

XI.     8vo, — From  the  Boyal  Ohtervatary. 
Annalen  der  Eouiglicben  Stemvarte  bei  Miincben.    Band 

XVIH.     8vo.— /Vom  the  Royai  Obaervatory. 
Catalogus      Godicum      Uann     Scrip  torum      BibliotbecM 

Eegi»  MonacensiB.    Tome  III.  Para  2.     S-vo.'^From 

the  Compilers, 
Vol.  VII.  6  » 
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Ifeuchatd. — Bulletin  de   la   Soci£t&  dee  Sciences  Naturelles  de 

Neuchatel.    Tome  IX.  Part  1.    &vo.—Ffvm  the  Society. 
New  Eaven  {U.  S.). — Journal  (American)  of  Science  and  Art,  con- 
ducted by  Benjamin  Silliman.    Vol.  L  Nob.  4-6 ;  Vol. 

II.  Nob.  7-20.    VoLIIL    New  Haven.    8to.— JVorotie 

Editor. 
New  7orjt.— Eighty-Third  Annual  Report  of  the  Begents  of  the 

UniTereitj  of  the  State  of  New  Totk.    8vo. — From  Ae 

TJnivenity, 
Profiles,  Sections,  and  other  Illnatrations  designed  to  ac- 
company the  final  Report  of  the  Chief  Geologist  of  the 

Survey,  F,  V.  Hayden.   4to. — From  the  Qeohgical  Svrvet/. 
Natural  History  of  New  York  (Falteootology).    £y  James 

Hall.     Vol.  IV.    Ho.~From  the  State  of  New  York. 
Fifty-Third  Annual  Report  of  the  Trustees  of  the  New  York 

State  Library.    1870.    Svo. — From  the  Library. 
OAto.— Report  (24tb)  of  the  State  Board  of  Agriculture  for  1869. 

Columbns,  1870.    8vo.— Fn>m  the  Board. 
Orleane, — Archives  of  Science,  and  Tranaactiona  of  the  Orleans 

County  Society  of  Natural  Sciences.    Vol.  I.  Nos.  1-2. 

Svo. — From  ttn  Sodety. 
Oxford. — Astronomical  and  Meteorological  Observations  made  at 

the  Badcliffe  Observatory,  Oxford,  in  the  year  186S.    Vol. 

XXVIII.,  Vol.  XSIX.     Sm.—FTom  the  Obaervatory. 
Palermo. — Griomale  de  Scienze  Natural!  ed  Economiche.    Vol.  I. 

Fasc.  3-4 ;  Vol.  II.  Faso.  1 ;  Vol.  III.  Faso.  1-3.    8»o.— 

From  the  Editor. 
Parie. — Publ  ications  of  the  Depfitde  la  If aiioe,  with  Charts.  1^08.470, 

472, 473, 474, 476, 490.  8vo.— JVwm  the  Depot  d«  la  Marine. 
Annales  Hydrographiqnes.     No.  4,   1869;    No.  2,  1870. 

Svo.— From  the  Depot  de  la  Marine. 
Annnaire  dee  Marto  dee  Gdtea  de  France.     1871, 1872. 

12mo. — From  the  Dep6t  de  la  Marine. 
Annales  dee  Mines.    Tome  XVIIL  Liv.  4*,  6',  6' ;  XIX. 

Liv.  1',  2*,  3*;  XX.  Liv.  4*,  6*,  6*;  Septi^me  Serie,  Tome 

I.  Liv.  1*,  2*.    8vo. — From  the  Ecole  du  Mine*. 
Comptes-Rendne  Hebdomadaires  des  Stances  de  I'Aoademie 

des  Sciences.    1871-72.    ■iio.—Frwn  the  Academy. 

DiqitlzscbyGOOqlC 


ofEdiT^rgh,  Seanon  1871-72.  815 

Pom. — Bulletin  de  U  Soci^t4  de  G^graphie.    1871,  Uoib,  Avril, 
Mai,  Jain,  Juillet,  Aont,  Septembre,  Octobre,  Novembie, 
Decembie;   1872,  Janvier,   Fevrier,  Mare,  Avril,  Uai, 
Juin.     8vo. — From  the  Society. 
Nouvellea  AiobiveB  du   Museum  d'Histoire  Naturelle  de 
PariB.    TomT.  Faso.  3-4;.  VI.  Fasc  1-4;  VII.  Faac. 
1-4,     4to. — From  the  Society. 
Philadelphia. — AnnouDcement  of  tbe  Wagner   Free  Inetitute  of 
Science  for  tbe  Collegiate  yew  1870-71.    8vo. — From 
the  Iiutilute. 
Proceedings  of  tbe  Academy  of  Natural  Sciences.    Nos.  1, 
2,3,1870;  Nob.  1,  2,  3, 1871.    8vo.— From  the  Academy . 
ProceediDgfl  of  tbe  American  Philoaopbical  Society.     Vol. 
XI.  Nos.  83,  84,   85;   Vol.  XII.  Nos.  86,  87.    8m— 
From  the  Society. 
Transactions  of  tbe  American  Pbilosopbical  Society.    Vol. 
XIV.  PartB  1-3.     4to.— ^rom  ll,e  Society. 
Quebec. — Transactions  of  tbe  Literary  and  Historical  Society.    New 

Series.    Part  VIII.    8vo.—From  the  Society. 
SaUm  {U.  S.)— Bulletin  of   the  Ebbox  Institute.     Vol.  II.   Nos. 
1-12 ;  Vol.  III.  Nob.  1-12.     8vo.— From  (Ae  Institute. 
Proceedings  of  the  Ebbci  Institute.     Vol.  VI.    Parts  2,  3. 

8vo. — From  the  Institute. 
The  American  Naturalist.      Vol.  IV.    Nob.  3-12 ;  Vol.  V. 

No.  1.     Sm.—From  the  Peabody  Academy  of  Science. 
Second  and  Third  Annual  Beporta  of  the  Trustees  of  tbe 
Peabody  Academy  of  Science  for  the  Teara  1869  and 
1870.     8vo. — From  the  Peabody  Academy  of  Science. 
SouthampU>n. — Ordnance  Survey  of  tbe  Peninsula  of  Sinai,  made 
under  the  Direction  of  Colonel  Sir  Henry  James;  with 
Maps  and  Illustrations.    5  vols.    186^.   Fol. — From  Oie 
Eight  Borumrahle  the  First  Commimioner  of  H.  M.  Works. 
Stockholm. — Sveriges   Oeologiska    Undersfikning ;    vitb    CbartB. 
LivB.  31-41.     8vo. — From   the  Bureau  de  la  Becherche 
Qeologique  de  la  Suide. 
Iconea    Selectte   Hymenomycetum   nondnm   delineatonim; 
sub  auapiciis  Begim  Acad.  Scientianim  HolmiensiB,  Edit  a 
ab  Elia  Fries.    Parts  1  to  6.    Fob— from  the  Academy. 

DiqitlzscbyGOOqlC 


816  Proceedinga  of  the  Royal  Society 

St  FHenburg. — Jahreabericht  des  FhTsikalischen  Central-Obserra- 

torinms  fur  1870.     4to. — From  the  Academy. 
Bepertorinm  fur  Ueteorologie.    Band  I.  Heft  2  ;Btuid  IE. 

Haft  I,  2.     4to. — From  the  Boyal  Academy, 
Bulletin  de  I'Acad^mie  Imp^riale  dea  Sciences  do  St  Peten- 

bourg.    Tome  XT.  Noe.  3-6;  Tome  XVI.  Noa.  1-lS; 

Tome  XVII.  Nob.  1-8.    4to.— from  the  Aeitdeny. 
Hfimoires  de  I'Acad^mie  Imp4iiale  des  Sciences  de  St  Feten- 

bonrg.    VII"  Series.     Tome  XVI,    Noa.  1-14;   Tome 

XVII.   Nob.  1-10,  11,  12;   Tome  XVIII.   Noe.  1-7. 

ito.—From  the  Academy. 
Compte-Bendu  de  la  Commission  Imp^riale  Arch^ologtqns 

ponr  I'Annee  1869.    4to.  (Atlas,  Fol.) — From  the  Corn- 


Annalea  de  VObaervatorie   Fbysique  Central  de  Bnssie. 
Ann&  1866, 1867, 1868.  iUi.— From  the  RvwirnQovem- 
ment. 
ObseivatiODs  de  PoQlkova.  VoL  III.   4to. — From  the  Obier<- 
votary. 
Toronto. — Canadian  Journal  of  Science,  Literature,  and  History. 
VoL  XIII.    Noa.  2,  3,  4.      8vo.— from  tAa  Canadian 
Inttituie.  • 
ZWin.— Atlante  di  Carte  Celesti  Contenenti  le  634  atelle  principalt 
Ttaibili  alia  latitudine  Boreale  di  45".    FoL — From  the 
Royal  Academy. 
Atti  della  Beale  Accademia  delle  Scienze  de  Torino.    Vol. 

VL  Bispensa  1-6.     6vo. — From  the  Aeadevty. 
Meroorie  della  Reale  Accademia  delle  Scienze  di  Torino. 
Serie  Seconda.    Tomo  XXV.,  XXVI.    ito.—From  tha 
Academy. 
Beale  Accademia  delle  Scienze  de  Torino  Begio  OsseTvatorio 

Atlante  di  Carte  Celeati.  Fol.— from  the  Academy. 
Bollettino  Ueteorologico  ed  Astronomico  del  Begio  Osserva- 
totio  deir  UniTersita,  1871, 1872.  ibo.— From  the  Rm- 
veriity. 
B.OsBerTatoriodell'ITniversitadi  Torino.  Snpplemento al  V. 
Bollettino  Annuale  1870,  dell'  Osaerratorio.  8vo. — From 
the  Univfnitif. 
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Uptala. — Balletin  U^t^iologiqne  UeDBnel  de  rObserratoire  de 

I'DniTerait^.     Vol.  III.     Noa.  1-12.     ito,—Fr(m  (Ae 

Unititnilj/, 
Nova  Acta  Begis  Societatis  Soientiarnm  UpBaliensiB.    Vol. 

Till.  Fasc.  1.     ito— From  Oe  Soeieti/. 
Utrecht. — NederlaDdsch  Meteorologisch  Jaaiboek,  Toor  1869-70. 

4to. — From  the  Meteorologieal  Imtitutt. 
NederlandiBoh  Eniidkandig  Archief.    Deel  I.  Stak  1.  8vo. 

— From  the  EdUort. 
Verelag  van  liet  VerbaDdelde  in  de  algemeene  VergaderiDg 

Tan  bet  Provinciaal  Utrechtacb  Genootschap  ran  EnnBten 

ea  Wetenachappen  gehonden  den  27  Juni  1871.    8vo.-> 

From  the  Societi/. 
Aanteekeuingen  van   bet   Terfaandelde  in  do  Seotiverga- 

deringen  van  het  Piovinciaal  UtrechtEch  Qenootschap  van 

Kunaten   en   Wetensc happen,    1870.     8vo. — From   the 

Society. 
Venux. — Atti  del  Beale  Istitnto  Teneto  di  Scienze  Lettere  ed  Arti. 

Tomo  XV.  DiBpenea  10;  Tomo  XVI.  DiBpensa  1-10; 

Seiie  IV.    Tomo  I.    Dispeiua  L    8vo. — from  the  Ituti- 

tuU. 
Atti  del  Beale   Istituto  Veneto  di  Scienze   Lettere  ed 

Arti.    Serie  IV,  Diepensa  1-4.     8vo. — From  the  Jtttti- 

tuU. 
Victoria  [AtntraUa). — TranBactiooB  and  ProceedtngB  of  the  Boyal 

Society,  Victoria.    VoL  IX.  Part  2.     Svo.—From  the 

Society. 
Beports  of  the  Mining  Survejore  and  BegistiarB  for  Quarter 

ending  31st  March  1872.     Fol — From  th«  Auitralian 

Qoimmment. 
CeoBus  of  Victoria  for  1871.    Part  I.     Inhabitants  and 

Houaea.    Fol. — From  the  Autlralia»  Qovemment, 
Beport  of  the  Board  on  Coal-Fielda,  Weatem  Port.   No,  19. 

Fol. — FVom  the  Atutralian  Goi^tmment. 
SlatislicB  of  the  Colony,  1870.     FoL— From  the  lUgitlrar- 

Oeaeral. 
Mineral  Statistics  of  the  Colony  for  1871,    Fol. — From  the 

Hegiitrar-Oentral. 
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Victoria  {Awlralia). — Abstncta  of  Specifications  of  Patents  applied 

for  from  1854  to  1866.  Metals.  Fart  I.   Melboame,  1872. 

ito.~FTt»n  the  BegittTor-Oeneri^ 
Patenta  and  Patentees.    YoL  IV.    Uelbonrne,  1671.   4to.— 

From  the  RegiitTar-Omeral. 
Vienna, — Almanack  der  kaiserlichen  Akademie  derWiaaenschaften, 

1871.     8vo.— From  the  Academy. 
BenkBchriften   der   kaiserlichen    Akademie   der  Wissen- 

schaften.    Phil.  Hist.  Classe,  Band  XX. — Math.  Nat 

Glasse,  Band  XXXI,     4to. — From  the  Aeademt/. 
Yerhandlungen     dei      kaiserlich-koniglichen     zoologisch- 

botaniscben    &eaellfichaft  in  Wien.     Band  XXI.     8vo. — 

Frmn  the  Societt/. 
Verhandlnngea    der   kaieerlich-koniglichen    geologischen 

Eeicbaanstalt.    1871,  Nob.  1-6,  7-10;  1872,  Nob.  1-6. 

Svo,— FroM  the  Society. 
Sitzangsberichte  der  kaiserlichen  Akademie  der  Wiseen- 

Bchaften.   Phil.  Hist.  Band  LXVI.  Heft  2,  3 ;  B.  LXVII. 

Heft  1-3 ;  B.  LXVIIL  Heft  1-4;  B.  LXIX.  Heft  1-3.— 

Mat.  Nat  ClaBse.  B.  LXII.  Heft  4,  5;  B.  LXIII.;  B. 

LXIV.— Botanik.  Zoologie,  Ac.  B.  LXII.  Heft  3-5;  B. 

LXIII. ;  B.  LXIV.     8vo.--From  the  Academy. 
Die  Beptilfaana  der  G«Bau— Formation  in  der  Nenen  Welt 

bei  Weinner-NeuBtadt,  von  Dr  Emanuel  Bnnzel.    Band 

V.  Nob.  1,  2.    4to, — From  (Ae  Society. 
Jahrbucb  der  kaiserlich-koniglicben  geologiaclien  Beich- 

sanstalt.    Band  XXL  Nob.  1.  2,  3,  4;  Band  XXII.  Nob. 

1,  2.    Svo.—From  the  Society. 
Die   Ecbinoiden    der  Oesteireicbisch-UngaiiBchen  oheren 

Tertiaeiablageningen,  von  Dr  Gustav  C.  Laube.    Band  Y. 

Heft  3.    4U>.—From  the  Society. 
Wanviclc. — Thirty- Fifth  and  Thirty-Sixth  Annual  Reports  of  the 

Natural  History  and  ArcbBBological  Society.    1871, 1872. 

Svo. — From  the  Society. 
IfiH/imjrftM).— Reports  of  Surgical  Cases  in  the  Army.   No.  3,  1871. 

4to. — From  the  SwrgcTfi-OeneraVt  Office. 
Report  of  the  United  States  Geological  Survey  of  Montana. 

1878.    8vo.— from  (Ae  Survey. 
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